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Introduction 


Programmable Logic Controllers—Hardware and Programming is an introductory text that 
explores many aspects of PLCs in an easy-to-understand manner. The key concepts of PLCs are 
discussed using a comprehensive approach to enhance learning. The text organization begins 
with basic concepts and progresses to system level applications. Applications, testing proce- 
dures, and operational aspects of PLC equipment and systems are discussed. This textbook 
emphasizes the PLC’s practical use in industry. 

The programmable logic controller was first introduced in the automotive industry in the 
late sixties. Today, the approximate annual sales of PLCs in the world are close to five billion 
dollars. PLC sales with installation and programming are an industry with close to fifty bil- 
lion dollars annually. Knowledge of selecting, wiring, and programming PLCs is required of 
industrial programmers and maintenance personnel. 

This textbook describes the most common programmable logic controller functions and 
provides examples using the Allen-Bradley Small Logic Controller (SLC 500) series. This text- 
book describes PLCs and their use in process and industrial control systems. PLC theory and 
PLC selection for various applications are explained. PLC wiring and programming are also 
covered with numerous examples. 


Max Rabiee 
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Max Rabiee earned his Ph.D. in electrical engineering from the University of Kentucky. 
He has taught electrical engineering (EE), and electrical/computer engineering technology 
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ai Technical Terms 


m programmable logic data cache 
controller (PLC) bus 
discrete input ports address bus 
discrete output ports data bus 
variable input ports instruction set 
variable output ports CISC-based microprocessor 
fixed PLC RISC-based microprocessor 
modular PLC random access memory 
central processing unit (RAM) 
(CPU) read only memory (ROM) 
microprocessor unit static RAM (SRAM) 
(MPU) flip-flop 
arithmetic logic unit dynamic RAM (DRAM) 
(ALU) software 
registers firmware 
control unit masked ROM 
decode unit programmable ROM 


instruction cache (PROM) 


erasable programmable 
ROM (EPROM) 

electrically erasable 
programmable ROM 
(EEPROM) 

basic input/output system 
(BIOS) 

address decoder 

octal transceiver 

full-wave rectifier 

optoisolator 

zener diode 

octal latch 

triac 

analog-to-digital converter 
(ADC) 

digital-to-analog converter 
(DAC) 
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pi Learning Objectives 
After completing this chapter, you will be able to: 


e Describe the invention and the development history of 
programmable logic controller (PLC) systems. 


e Discuss the benefits of PLCs over electromechanical relay logic 
systems. 


e Distinguish between fixed and modular PLC devices. 
e Discuss different types of Intel and Motorola microprocessors. 


e Explain different types of random access memory (RAM) 
devices and their use in PLC systems. 


e Explain different types of read only memory (ROM) devices. 
e Explain the use of the address decoder circuit in a PLC system. 


e List the major components of a PLC power supply. 
e Describe Allen-Bradley programmable controller devices. 


5 


pi 1.1 Introduction 


In this chapter, you will learn when and why the programmable 
logic controller (PLC) was invented. You will also learn to explain the 
difference between modular and fixed PLC devices. The main compo- 
nents of PLC systems will be described. 

You will study the hardware structure of a typical PLC system. 
Knowledge of PLC systems will enable you to troubleshoot, locate, 
and replace the faulty components of a PLC device. There are sev- 
eral dozen PLC manufacturers who use proprietary software to pro- 
gram automation routines to control these devices. In this chapter, we 
will review the Allen-Bradley family of controllers. These controllers 
use Rockwell Automation software as programming tools. You will 
then focus on learning how to configure and program the Allen- 
Bradley SLC 500. You will also learn to use the Rockwell Automation 
RSLogix500 software to program the SLC 500 PLC. 


| p PLC History and Development 


Programmable logic A programmable logic controller (PLC) is a microprocessor-based 
controller (PLC): device that can be used to control components of industrial systems 
A microprocessor-based h 1 : : : 

Ea Ne Gee ee such as e ectric motors, conveyors, and robots. The PLC was first intro- 
to control industrial duced in the late 1960s in the automotive industry by General Motors 


systems such as electric (GM) Corporation. PLCs were made using Transistor Transistor Logic 
motors, conveyors,and (TTL) logic gate chips such as AND, OR, NOT, NAND, NOR, XOR, and 
XNOR gates. 
Prior to PLC technology, electromechanical relays, Figure 1-1, 
were used in industrial and process control systems. 
Control panels with external input and output devices, counters, 
timers, and other circuits wired to them. Electromechanical relays are 
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Figure 1-1. Electromechanical relay. 


noisy, take up space, and are prone to mechanical problems. Also, the 
control panels that held the electromechanical relays were much larger 
than a PLC system. In addition, modifying such a control panel required 
rewiring the relays. This process is both expensive and time consum- 
ing. A PLC, by contrast, requires minor wiring. Consequently, a PLC 
system can be modified and reprogrammed within a few hours. 


Hts PLC Block Diagram 


Figure 1-2 displays the block diagram of a PLC device. The PLC 


consists of at least four main units: 


Central processing unit (CPU). 
Power supply. 

Input module(s). 

Output module(s). 


Figure 1-2. Block diagram of a PLC device. 
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Discrete input ports: 


Ports on a PLC input 
module that can receive 


fixed signals (on or off). 


Discrete output ports: 
Ports on a PLC output 
module that are either 
energized (on) or de- 
energized (off). 


Variable input ports: 


Ports on a PLC input 
module that can receive 
analog signals, such 
variable voltage (e.g., 

0 V to 10 V) or variable 
current (e.g., O A to 1 A), 
and convert it to a 
discrete or binary signal. 


Variable output ports: 


Ports on a PLC output 
module that convert a 
binary data to an analog 
signal such as variable 
voltage (e.g., O V to 10 V) 
or variable current (e.g., 
0 Ato1 A). 


Fixed PLC: 

A single enclosure that 
holds the CPU, input 
port, and output port 
modules. 


Modular PLC: 

PLC with different racks 
(slots) reserved to hold 
the CPU module (must 
be in slot zero), input 
port modules (e.g., slot 
one), and output port 


modules (e.g., slot two). 


Central processing 
unit (CPU): 

Includes the 
microprocessor, 
memory, and support 


chip in a PLC system. 


Microprocessor 

unit (MPU): 

The main chip in the PLC 
system that transfers 
and receives data from 
i/O ports and carries 

out the math and logic 
operations. 


Programmable Logic Controllers: Hardware and Programming 


All PLC devices have discrete, or fixed, input and output ports. 
Discrete input ports are ports that are either open (off) or closed 
(on). Discrete output ports are ports that are either energized (on) or 
de-energized (off). Larger and more advanced PLCs also have analog, 
or variable, input and.output ports. With variable input ports and 
variable output ports, converter chips are used to convert variable 
voltage (e.g., 0 V to 10 V) or variable current (e.g., 0 A to 1 A) to binary 
data. 

Discrete input and output ports can be contained in one housing 
or placed on different slots of a chassis. These slots are called racks. If 
all the units are in one fixed enclosure, the PLC is called a fixed PLC. 
If each unit is placed in different racks, the PLC is called a modular 
PLC. Figure 1-3 shows a typical fixed PLC, and Figure 1-4 shows a 
modular PLC. 


ai 1.4 Central Processing Unit 


Figure 1-5 displays the block diagram of a typical central process- 
ing unit. The central processing unit (CPU) includes the microproces- 
sor unit, memory, and support chips. The microprocessor unit (MPU) 


Allen-Bradley 
Fixed SLC 500 PLC 


ig 


Figure 1-3. Fixed SLC 500 PLC. (Energy Concepts, Inc.) 
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Modular Allen-Bradley 
SLC 5/03 PLC 


Figure 1-4. Modular SLC 500 PLC. (Energy Concepts, Inc.) 


Arithmetic logic 

unit (ALU): 

Figure 1-5. Block diagram of a central processing unit (CPU). Tresmemal Pavia ie 
microprocessor that 

carries out the arithmetic 

and logic instructions 


is the brain of the central processing unit. The MPU carries out, or and generates the result. 
executes, the program instructions. Figure 1-6 displays a basic dia- Registers: 

ram of the internal circuit of a typical microprocessor. The arithmetic ^N area in the 
ome X k ye at E : microprocessor that 
logic unit (ALU) carries out the math and logic instructions. Registers holds data for the 


are used to hold data for the arithmetic logic unit. The control unit arithmetic logic unit. 
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Control unit: 

Part of a microprocessor 
that coordinates 

and controls all 

activities within the 
microprocessor. 


Decode unit: 

Part of a microprocessor 
that translates 
instructions into a format 
that the microprocessor 
can understand. 


Instruction cache: 


An area of memory 
in a microprocessor 
that temporarily holds 


incoming instructions. 


Data cache: 

An area of memory 

in a microprocessor 
that temporarily holds 
incoming data. 


Bus: 

A pathway on a 
circuit board on which 
information can flow 
from component to 
component. 


Address bus: 

A group of conductors or 
pathways that help the 
CPU find the physical 
locations of memory. 


Data bus: 

A group conductors 

or pathways used to 
transfer data to and from 
support devices. 


Figure 1-6. Diagram of an internal circuit of a typical microprocessor. 


coordinates and controls all activities within the MPU, and the decode 
unit translates instructions into a format that the MPU can understand. 
Incoming instructions and data are temporarily held in the instruction 
cache and data cache, respectively. 

PLCs can employ Intel, AMD, Motorola, or other manufac- 
turers’ microprocessors. The microprocessors manufactured by 
Intel and AMD are more commonly used in personal comput- 
ers. A few of these manufacturers’ microprocessors, such as the 
Intel Celeron, Intel Pentium 4, Intel Pentium M, and AMD 586 
are used in PLCs. The Motorola 68000 series of microproces- 
sors are the most commonly used microprocessors in PLCs. The 
Motorola 68000, 68010, 68020, 68030, and 68040 processors are 
32-bit processors. These processors are used by advanced PLC 
systems. Motorola 6800, 6802, and 6809 are 8-bit processors. These 
8-bit processors are used by smaller PLC devices. 

Microprocessors are typically described by their frequency and 
bus width. For example, the Motorola 68040 has a 25-MHz frequency. 
MPU frequency refers to how many digital pulses per second the 
MPU can respond to. Thus, a 25-MHz MPU can respond to 25,digital 
pulses per second. Million 

The bus width describes how many conductors comprise the 
address bus and data bus. A bus is simply a pathway on a circuit 
board on which information can flow from component to component. 
The address bus helps the CPU to find physical locations in memory, 
and the data bus transfers data between central processing unit com- 
ponents, such as between the I/O and RAM. 

The wider the data bus, the more data that can be transferred at 
one time. A 32-bit data bus can, therefore, transfer more data than an 
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8-bit bus. Consider an 8-bit PLC central processing unit. One conduc- 
tor is used to transfer 1 bit of a complete byte. (One byte is equal to 
eight bits.) Therefore, all 8 conductors are used to transfer a byte. In 
a 32-bit PLC central processing unit, 4 bytes can be transferred at one 
time (4 bytes x 8 bits = 32 bits). 

The frequency of the MPU plays a role in the speed of the system. 
Multiplying the frequency by the bus width can give you a rough esti- 
mate of how many bits or bytes of data can be transferred at one time. 
For example, a central processing unit with a 32-bit data bus and a 
25-MHz MPU can transfer data at 800 Mbps (megabits per second) 
or 100 MBps (megabytes per second). Other technologies related to 
the MPU, such as the size of the instruction cache and data cache, can 
affect the speed of the central processing unit. 

MPUs are designed to handle a specific set of instructions, or com- 
mands for operations that the MPU can carry out. This set of instruc- 
tions is called an instruction set. You may hear an MPU described 
as CISC-based or RISC-based. A CISC-based microprocessor uses 
several math instructions to carry out complex commands, while a 
RISC-based microprocessor typically uses only one instruction for 
a complex command. When selecting a PLC for a specific application, 
it is important that you select a PLC that has a CPU that can handle 
the instructions needed for the desired application. For example, if the 
application requires complex calculations, such as trigonometry, to be 
performed, you must select a PLC with a CPU that supports these 
instructions. 


4 1.5 Memory Devices 


There are two types of internal memory devices available to a CPU: 
random access memory and read only memory. Random access 
memory (RAM) is used by the CPU for temporary data storage. RAM 
can be written to and read from. The PLC program resides in the RAM. 
The PLC program is the ladder logic diagram that the user downloads 
tO the PLC 

Read only memory (ROM) holds the permanent system program. 
The PLC system program is permanently placed (i.e., burned) on the 
ROM memory of the PLC system. The system program is the first 
program that is executed when the PLC is turned on. This program 
checks the input/output and other peripheral devices on the PLC sys- 
tem. ROM can only be read from. 

Most PLCs have backup batteries, typically small cadmium types 
that last for at least 5 years, so that during a power failure PLC operat- 
ing program is not erased from the system memory. The RAM mem- 
ory capacity on some PLC devices can be expanded. 


Instruction set: 

A specific set of 
instructions or 
commands for 
operations that the MPU 
can carry out. 


CISC-based 
microprocessor: 

A microprocessor that 
uses several math 
instructions to carry out 
complex commands. 


RISC-based 
microprocessor: 

A microprocessor that 
uses only one instruction 
for a complex command. 


Random access 
memory (RAM): 
Memory that can be 
written to and read from. 


Read only memory 
(ROM): 

Memory that can only be 
read. 
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Static RAM (SRAM): 
Memory that uses flip- 
flops to hold data. Data 
on SRAM remains the 
same as long as it is not 
overwritten by newer 
data and the power to 
the memory device is on. 


Flip-flop: 

Sequential digital device 
that generates a different 
output for every input 

on the next clock pulse. 
Usually four transistors 
are used to build one 
flip-flop. 


Dynamic RAM (DRAM): 


Holds binary data in 

the form of charged 
capacitors. DRAM must 
be written to (refreshed) 
every few microseconds. 


Random Access Memory 


There are two types of RAM: static RAM and dynamic RAM. 
Static RAM (SRAM) stores data bits in its internal flip-flops. A 
flip-flop is a sequential digital device that generates a different output 
for every input on the next clock pulse. SRAM is faster than dynamic 
RAM. Usually, the cache memory of a computer uses SRAM. 

Cache memory is used by the MPU in the PLC system to speed 
up the data transfer while it is executing the program. For example, 
assume that Input Module #1 is read at the beginning of the ladder 
logic diagram and the data once again needs to be recalled in the 
middle of the program. If the input data is held in the cache, it will be 
transferred quickly to the MPU. This means that MPU does not have 
to go back to the source (i.e., Module #1) to read it again. 

Dynamic RAM (DRAM) stores data in the form of charge on 
capacitors. An advantage of DRAM is that it typically uses only one 
transistor to hold one bit of data whereas SRAM uses four transistors 
to hold one bit of data. Therefore, it costs more to store a data bit in 
SRAM. Data on the DRAM must be refreshed every few microseconds 
due to the discharge of the capacitors. Data on the SRAM remains 
unchanged until either a new data is written over the existing data, or 
power to the chip is turned off. 

Smaller and medium size PLC devices use SRAM, while larger 
and more advanced PLCs may use DRAM. Figure 1-7 displays a typi- 
cal 8-bit SRAM that can hold 2 kB of data. Note that capital B refers to 
Byte and that 1 K of data is equal to 1024. The 6116 SRAM displayed in 
Figure 1-7 has 2 x 1024 x 8 = 16,384 bits = 16 kilobits (kb) of capacity. 


Figure 1-7. Typical 8-bit SRAM. 
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Read Only Memory 


An MPU can only read data from the ROM. The software that 
resides in ROM is called firmware. Figure 1-8 displays a typical 
ROM. Address lines specify from which location within the ROM 
data is read. ROM address lines are connected to MPU address lines. 
The ROM output (data) lines are connected to the MPU data lines. 
The number of ROM address lines indicates the capacity of the ROM 
for storing data. Therefore, the 2716 ROM displayed in Figure 1-8 
can store 2 kB of data, or 2 x 1024 x 8 = 16,384 bits (16 kb) of data. The 
number of ROM output lines specifies the length of data that can be 
stored on the ROM. Thus, since the 2716 ROM has 8 output lines and 
8 bits are equal to 1 byte, it can store, the length of data it can store 
is 1 byte. 

There are four different types of ROM: 

ə Masked, or preprogrammed ROM. 
e Programmable ROM (PROM). 


e Erasable programmable ROM (EPROM) or ultraviolet-erasable 
programmable ROM EPROM (UVEPROM). 


e Electrically erasable PROM (EEPROM) or flash ROM. 


Masked ROM, or preprogrammed ROM is usually programmed by 
the manufacturer at the factory. Therefore, a customer must order sev- 
eral thousand masked ROM chips from a factory. 

Programmable ROM (PROM) is programmed or “burned” only 
once by the programmer. 


Figure 1-8. Typical 8-bit ROM. 


Software: 

A program that is carried 
out (executed) on the 
PLC system. 

Firmware: 

The software that 
resides in ROM. 


Masked ROM: 

ROM that is programmed 
by the manufacturer 
prior to shipment to the 
customer. 


Programmable 

ROM (PROM): 

Memory programmed 
once by using the PROM 
programmer device 
(called PROM burner). 
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Erasable programmable Erasable programmable ROM (EPROM), or ultraviolet- 
ROM (EPROM): | erasable programmable ROM (UVEPROM), is programmed by the pro- 
See eat cing earls ae wae by ene it under u A a 
a higher than normal device called a urner is used to program the an 
Tahege level (e.g., 12.5 V EPROM. ; 

A A Electrically erasable programmable ROM (EEPROM), or flash 
ooo mm under ROM, are programmable ROM that is programmed and erased by 
ultraviolet light for fifteen injecting an electrical current through it. A higher voltage than nor- 
minutes. Ss mal operating voltage is used to program or erase the flash ROM 
Electrically erasable while it is in circuit. Flash ROM is more expensive than EPROM 
ROM (EEPROM): and PROM. 

Programmed by injecting The ROM in the PLC CPU is preprogrammed by the manufac- 
lg ene Novae e turer and contains the basic inputloutput system (BIOS) program. 
o ey On power up, the firmware, or the program in ROM, carries out sev- 
aea nee that check the ing cai and other peripheral 
voltage level (e.g., -12 V). era $ 7 

Baai r l devices connected to the CPU. It also serves as a communication inter- 
system (BIOS): face between PLC hardware and the PLC program. 


Holds software called 
power-on self-test 


(POST). When a PLC $i 1.6 Address Decoder Circuit 
is energized, POST 


software initializes the MPUs use an address decoder to enable ROM, RAM, I/O port 
Poe an devices, and support chips. When the MPU communicates with a 
eee na TA chip, only that chip is connected to the address, data, and control lines 
in the BIOS also serves of the central processing unit. For example, when an MPU reads data 
T G from a ROM device, only the ROM has access to the data, address, and 
a Pn a PLC control buses. The rest of the memory, I/O devices, and support chips 
program. are effectively disconnected. 

Address decoder: This method of connecting one and only one chip to the MPU at 
A circuit that will enable any given time is called decoding. The logic circuit that decodes the 


only one support chip at 


fe A chips is called an address decoder circuit. A popular and inexpensive 
microprocessor to use address decoder chip is the 74LS138, 3-to-8 decoder. 

the data bus to transfer 

data. This takes place s - » a 

to and from the enabled gi 1 T Peripheral Chips 

chip that the support chi 2 R ) 

ee iS eae ics Peripheral chips, also called support chips, are used to enable the 


microprocessor to communicate with input/output devices. One of the 
most popular peripheral chips is the Motorola 6821 PIA. The Intel 8285 
programmable peripheral interface (PPI) is another popular periph- 
eral chip. 

Each peripheral chip supports the MPU with a different task. For 
example, some peripheral chips act as buffers to hold input and output 
data or to convert serial data to parallel data and vice versa. In addi- 
tion, address decoders are also peripheral chips. There are many other 
types of peripheral or support chips. 


Chapter 1 


E 1.8 Discrete Input Modules 


Discrete input module terminals receive input signals from 
switches or other input devices, such as pushbuttons or proximity 
sensors. The input module converts the input signal to a digital signal 
prior to sending it to the CPU. The input module typically has octal 
transceiver buffers that hold the input data for the microprocessor. An 
octal transceiver is a circuit in which eight bits are transferred to and 
from support devices. 

Typically, each input module consists of 4, 8, 16, or 32 terminals 
called ports. On modular PLC systems, such as the one displayed in 
Figure 1-4, more input modules can be added if needed. For smaller 
and fixed PLC systems, such as the one displayed in Figure 1-3, the 
input module is combined with a CPU board. Therefore, the number 
of input ports cannot be expanded. 

The circuit for converting the electrical input signal to a digital 
level is displayed in Figure 1-9. If the input voltage is a 120 VAC or 
240 VAC signal, it must be converted to a DC signal using a full-wave 
rectifier. An optoisolator is used to input the DC signal to the CPU 
board. In this way, the CPU is physically isolated from the input device. 
This prevents damage to the CPU caused by external signal fluctua- 
tions such as voltage spikes. The excessive voltages called spikes will 
damage the isolator instead of the CPU. 

Optoisolators, such as National Semiconductor’s 4N32 chips, are 
very effective and inexpensive. They consist of a light-emitting diode 
(LED) and a phototransistor. The light-emitting diode generates an 
infrared signal when it is forward biased. The infrared signal causes 
the phototransistor to become saturated and emulate a closed switch. 
A +5 V digital level signal is present at the phototransistor output 
terminals. This digital level signal is regulated by a zener diode and 
placed on the transceiver buffer of the CPU circuit board. A zener 
diode is a semiconductor device that can maintain a steady voltage 
level. Thus, when the phototransistor becomes saturated and +5 V is 
applied to its output terminals, the zener diode ensures that a steady 
+5 V is applied to the CPU circuit board. 


Rectifier Optoisolator 


Figure 1-9. Input port layout of one input terminal. 
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Octal transceiver: 

A circuit in which eight 
bits are transferred 

to and from support 
devices. 


Full-wave rectifier: 

A circuit that converts 
AC (alternating current) 
voltage to DC (direct 
current). 


Optoisolator: 

A chip used to optically 
isolate the small voltage 
(+5 VDC) digital control 
section of a PLC system 
from the higher voltage 
(24 VDC, 120 VAC, 

240 VAC) input/output 
section of a PLC system. 


Zener diode: 

A unidirectional 
semiconductor device 
that usually operates in 
its reverse-biased region 
as a voltage regulator. 


One port of the 
buffer chip on 
the CPU circuit 
board 
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ii 1.9 Discrete Output Modules 


The discrete output module terminals receive digital signals from 
the CPU. The output module converts the digital signal to an analog 
electrical signal prior to sending it to output devices such as a pilot 
light, electric motor, or solenoid valve. The output module typically 
has an octal latch that holds the digital output data supplied by the 


Octal latch: MPU. An octal latch is a memory buffer made of SRAM, or flip-flop 
aano circuitry. Output bit values remain the same until new input bits write 
ne — over them. If a module is a 16 output module, two octal latches are 
Triac: needed. 

A semiconductor device Typically, an output module consists of 4, 8, 16, or 32 terminals, or 
that allows current to ports. On modular PLC systems, more output modules can be added 
ie seh ian w is al as needed. For smaller fixed PLC systems, such as the one displayed in 
current signal applied to Figure 1-3, the output module is combined with the CPU circuit board. 
its gate. Therefore, the number of output ports cannot be expanded. 


The circuit for converting a digital signal to analog output voltage 
is displayed in Figure 1-10. Notice that an optoisolator is used to 
physically isolate the CPU board from the output module. This pre- 
vents damage to the CPU due to a short circuit on the load. A short 
circuit on the load can cause excessive current to flow from the output 
port. The analog output voltage can be 120 VAC, 240 VAC, or 24 VDC. 

—— ~ A solid state relay or a triac can be used for switching the output volt- 
Analog-to-digital ; 

converter (ADC): age on and off in order to connect the load to AC voltage. 

A chip that converts 


EEE I N R 1.10 Analog Input/Output Modules 
voltage or current) to a 
binary value. 


Digital-to-analog 


Most common PLC input/output terminals use or provide discrete 
voltage signals to show that they are either on or off. Some advanced 


converter (DAC): PLCs also have analog input/output ports. In these PLCs, analog-to- 
A chip that converts digital and digital-to-analog converters are used. An analog-to-digital 
al converter (ADC) converts the analog input signals to digital signals. A 
signal (i.e., voltage or digital-to-analog converter (DAC) converts the digital output signals 
current). back to analog signals. 


Optoisolator 


Digital signal 
from the CPU 


Figure 1-10. Output port layout of one output terminal. 
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Bit PLC Power Supply 


Figure 1-11 displays the schematic diagram of a typical power 
supply in a PLC. The line conditioner or varistor takes care of any 
spikes in input power. The transformer/rectifier unit converts the AC 
voltage to two DC voltage signals. The RC filter eliminates the AC 
ripples on the converted positive and negative DC voltages. Finally, 
the zener diodes within the regulator unit ensure that clean +5 VDC 
and —5 VDC are available to the CPU. In case of a power failure, a lith- 
ium battery provides power to the RAM, allowing the RAM to retain 
the PLC program. In addition, some PLCs have a capacitor that can 
provide power to the RAM for 30 minutes while the battery is discon- 
nected, such as when the battery is being replaced. 


Èi 1.12 Allen-Bradley Programmable Controllers 


Allen-Bradley is a subsidiary of Rockwell Automation. It manu- 
factures several programmable controller devices. These devices can 
be grouped into three categories: 

e Programmable logic controllers (PLC). 


e Safety programmable controllers. 
e Programmable automation controllers (PAC). 


The programmable logic controller (PLC) is used to implement 
specific instructions such as input/output (I/O) port control, timing, 
counting, data manipulation, reporting, arithmetic, logic, and com- 
munication. The safety programmable controller is used for the moni- 
toring and implementing the safety instructions in case of faults in a 
control system. The programmable automation controller (PAC) is a 


Transformer/Rectifier 


Regulator 


Line conditioner 
or varistor 


Figure 1-11. Schematic diagram of a PLC power supply. 
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personal computer (PC) with a PLC architecture. A PAC can be used 
to perform PLC instructions in addition to controlling electric drives 
and more sophisticated motion and batch control systems. 

The Allen-Bradley Safety Programmable Controller series includes 
GuardLogix, GuardPLC, and SmartGuard systems. The Allen-Bradley 
PAC series of controllers include CompactLogix, ControlLogix, Flex- 
Logix, SoftLogix, and DriveLogix systems. In this textbook, you will 
concentrate on learning to use Allen-Bradley PLCs. 


gi 1.13 Allen-Bradley Programmable Logic 
Controllers 


Allen-Bradley manufactures four major types of PLCs. These PLCs 
are categorized according to their input/output (I/O) size, processor 
speed, and memory size. These PLCs are in the smaller sized Pico and 
MicroLogix families to the medium sized Small Logix Controller family 
(SLC 500 series), and finally the larger sized PLC-5 series. Figure 1-12 
displays the Allen-Bradley family of PLCs. 

Pico controllers are simple, small controllers that can perform 
logic, timing, and other simple instructions. These controllers are com- 
monly used for controlling single electromechanical or other indus- 
trial and commercial devices. They typically have onboard program- 
ming software capabilities. Figure 1-13 displays the PICO controllers. 

MicroLogix controllers are small and expandable PLCs that are 
used for controlling smaller systems. These controllers can be pro- 
grammed using the Rockwell Automation's RSLogix 500 software. 
Figure 1-14 displays the MicroLogix controllers. 


Figure 1-12. Allen-Bradley family of PLCs. (Used with 
permission of Rockwell Automation, Inc.) 
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Figure 1-14. Allen-Bradley MicroLogix family of PLCs. (Used with 
permission of Rockwell Automation, Inc.) 


The SLC 500 series PLCs are medium size and expandable. They 
are used in industrial and process control plants for controlling mul- 
tiple devices. The SLC 500 series PLCs are usually connected to other 
controllers in local area network (LAN) and wide area network (WAN) 
systems. In this textbook, you will learn how to wire the SLC 500 PLCs 
and program them using Rockwell Automation RSLogix 500 software. 
Figure 1-15 displays a seven-slot Allen-Bradley SLC 5/03 PLC. 

PLC-5 controllers are chassis-based modular PLCs that are used 
in a networked industrial environment. They can have hundreds or 
thousands of I/O ports and can be networked under a variety of 
protocols such as Ethernet, ControlNet, and DeviceNet. They also 
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offer connectivity to smaller PLCs such as the SLC 500 series and 
MicroLogix controllers. Rockwell Automation RSLogix 500 software 
is also used to program PLC-5 controllers. Figure 1-16 displays a 
PLC-5 and the peripheral devices that can be connected to it. 


Figure 1-15. Seven-slot SLC 5 /03 Allen-Bradley PLC. (Used with 
permission of Rockwell Automation, Inc.) 


Figure 1-16. Allen-Bradley PLC-5 and peripheral devices. (Used with 
permission of Rockwell Automation, Inc.) 
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A programmable logic controller (PLC) is a microprocessor-based 
device that can be used to control components of industrial systems 
such as electric motors, conveyors, and robots. 


The PLC was first introduced in the late 1960s in the automotive 
industry by General Motors (GM) Corporation and were made 
using Transistor Transistor Logic (TTL) logic gate chips such as 
AND, OR, NOT, NAND, NOR, XOR, and XNOR gates. 

Unlike PLCs which require minor wiring, electromechanical 
relays are noisy, take up space, require rewiring, and are prone 
to mechanical problems. 

A fixed PLC has all input and output ports in one fixed 
enclosure. A modular PLC has each discrete or fixed input and 
output ports placed in different racks. 

The Motorola 68000, 68010, 68020, 68030, and 68040 processors 
are 32-bit processors that are used by advanced PLC systems; 
Motorola 6800, 6802, and 6809 are 8-bit processors that are used 
by smaller PLC devices. 

There are two types of RAM: static RAM and dynamic RAM. 
Static RAM (SRAM) stores data bits in its internal flip-flops. 


Dynamic RAM (DRAM) stores data in the form of charge on 
capacitors. 


The four different types of ROM memory devices are masked 
or preprogrammed ROM, programmable ROM (PROM), 
erasable programmable ROM (EPROM) or ultraviolet-erasable 
programmable ROM EPROM (UVEPROM), and electrically 
erasable programmable ROM (EEPROM) or flash ROM. 

In microprocessor units (MPUs), an address decoder is used 

to enable read only memory (ROM), random access memory 
(RAM), I/O port devices, and support chips. 

The major components of a PLC power supply are a line 
conditioner or varistor, a transformer/rectifier unit, an RC filter, 
and zener diodes. 

Three types of Allen-Bradley logic controllers are the following: 
programmable logic controller (PLC), safety programmable 
controller, and programmable automation controller (PAC). 


q Review Questions 


il 


2: 


What is the difference between a discrete PLC input port and an 
analog PLC input port? 

What are the benefits of PLCs over electromechanical relay logic 
systems? 
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. What four main units are found in a PLC central processing 


unit (CPU)? 


. What is the difference between a fixed PLC system and a 


modular PLC system? 


. Name the two types of RAM. 

. Name four types of ROM. 

. Why must a PLC system have an address decoder circuit? 
. Name the major components of a PLC power supply. 

. Why does a PLC system have a lithium battery? 

. What are the typical applications of an Allen-Bradley 


programmable logic controller? 

What are the typical applications of an Allen-Bradley safety 
programmable controller? 

What are the typical applications of an Allen-Bradley 
programmable automation controller? 
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2.1 Introduction 

2.2 PLC Selection 

2.3 Allen-Bradley SLC 500 Components 
2.4 PLC Memory Expansion and Usage 
2.5 PLC Communication Systems 

2.6 Programming Modules 


pi Technical Terms 


chassis baud (Bd) rate simplex 

sourcing serial communication half duplex 

sinking data terminal equipment (DTE) full duplex 

user memory data communication programming module (PM) 
system memory equipment (DCE) 


$i Learning Objectives 


=" After completing this chapter, you will be able to: 
e Identify important questions to determine which PLC device to 


purchase. 

e Distinguish between Allen-Bradley fixed and modular SLC 500 
processors. 

e Select modular Allen-Bradley SLC 500 series processor and 
chassis. 


e Select input or output modules for Allen-Bradley SLC 500 PLCs. 

e Recognize how to connect sensors and switches to PLC ports. 

e Describe the different types of PLC memory. 

e Describe the method to connect PLC devices to programming 
modules. 


#7 1 Introduction 


The personal computer (PC) can be used for applications such 
as data processing, word processing, computer-aided design (CAD), 
spreadsheets, and data management programs. We sometimes say 
that the PC is used for number-crunching and graphic-generation 


applications. 29 
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Programmable logic controllers (PLCs) are known as process- 
control computers. They are not used for number crunching or graphic 
generation. PLCs are used in event-driven industrial control systems. 
So, while a PC is a data processing computer, a PLC is a process-control 
computer. PLCs are small, inexpensive, and environmentally hardened, 
which means that they can withstand dust, extreme temperatures, 
humidity, and electromagnetic noise due to its enclosure and manufac- 
turing. They are easy to program, operate, maintain, and repair. This is 
why PLCs are so commonly used in process-control systems. 

There are environmentally hardened computers called industrial 
PCs that can also be used in manufacturing or industrial plants. How- 
ever, a PLC is the preferred device in control systems that generally 
require discrete input/output (I/O) ports. An industrial PC is a better 
choice when analog input and output data are required in an indus- 
trial control system. Also, the smaller microcontrollers, which are also 
called embedded controllers, are a good choice for smaller control sys- 
tems in a less harsh environment. 

After you have studied this chapter, you will be able to describe 
and select the components of a fixed and modular SLC 500 PLC. You 
will also be able to describe the devices used to program PLCs. These 
programming devices are called programming modules (PM). You will 
study methods used to connect a PC or laptop to a PLC processor. 
Methods of connecting input and output devices to PLC I/O modules 
are also presented in this chapter as well as an introduction to PLC 
communication terminology. 


q 2.2 PLC Selection 


Several technical and economic factors must be considered when 
selecting a PLC. Before making your decision, a few questions regard- 
ing technical and economic factors must be asked. Examine the fol- 
lowing list of questions. The answers to these questions will help you 
to select PLCs that meet your needs. 


Manufacturer’s support: 


e Is the PLC model under consideration supported by the 
manufacturer? In other words, can you call the sales engineer 
and ask questions about the PLC you purchased? 


e Will the PLC manufacturer maintain replacement components in 
stock? 


e What is the initial cost? 

e What are the component replacement costs? 
Serviceability: 

e Does the manufacturer service this specific PLC device? 
e How far away is the nearest service center? 
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e What type of warranty does the PLC have? 

e How much, if any, cost is attached to the service calls? 

Flexibility: 

e Is the PLC flexible for reconfiguration and use for another 
application? 

e Can its input/output voltage levels be modified? 

Expandability: 

e Canmore RAM be added to the PLC? 

e Can more I/O module be added to the PLC? 


e How much cost is involved for the memory expansion and I/O 
module addition? 


Programming software: 

e What is the initial cost of the PLC programming software? 

e What is the future upgrade cost of the PLC programming 
software? 


e Cana site license be purchased for the PLC software? How 
much would it cost? 


e Does the software use a graphic user interface? 

Training: 

e Does the PLC manufacturer provide on-site or off-site training? 

e If so, how much would each training session cost? 

Documentation: 

e What kind of documentation does a PLC manufacturer provide? 

e Is the document on CD-ROM or on the manufacturer’s website? 
Each year the Instrumentation and Control System (I&CS) journal 

publishes a table of major PLC manufacturers in the world. This table 


is well worth examining as an initial guide to selecting PLCs for your 
control system design and construction. 


Fi 2.3 Allen-Bradley SLC 500 Components 
$ 


When considering an Allen-Bradley SLC 500 PLC, you can select 
either the fixed or modular PLC. For the fixed PLC, the processor (CPU), 
power supply, and I/O modules are in a single housing. Table 2-1 lists 
the Allen-Bradley fixed SLC 500 processor configurations that can be 
selected. Notice the various types of input and output modules avail- 
able. Sourcing and sinking refer to the way current flows through the 
I/O module circuitry and is discussed later in this section. 

The modular Allen-Bradley SLC 500 PLCs give you the option of 
chassis, power supply, processor, and I/O modules. Note that Allen- 
Bradley refers to the central processing unit (CPU) as processor. 
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Processor 
1747-L40A 
1747-L40B 


1747-L40E 

-1747-L40L. 
1747-L40P 
1747-L30A 

| 1747-L30B 

| 1747-L30C 


ee T S ë 


1747-L30D 
1747-L30L 
1747-L30P 
1747-L20A 
1747-L20B 

A OCF 
1747-L20D 
1747-L20E/G 
1747-L20L/N 


1747-L20R 


1747-L40C/F 


 1747-20P 


“Processor 7 Input Module | Output Module - v 
24, 115-VAC input ports | 16, relay output ports 

le ay 115-VAC input ports — 16, triac output ports | 
| _24, DC sinking input ports | _ 16, relay output pots — 
| 24, DC sinking input ports 16, transistor sourcing output ports | 
24, DC sinking input ports abe Alig, transistor sinking output f ports | 

| 24, 230-VAC input ports | 16, triac output ports | 
| 18, 115-VAC input ports | 12, relay output ports | 
| 18, 115-VAC input ports | 12, triac output ports | 
| 18, DC sinking input ports ! 12, relay output ports | 
| e7 DE sinking input ports | l2 triac output ports | 
| 18, DC sourcing input ports | 12 transistor sinking output ports | 
| 18, 230-VAC input ports | 12, triac output ports | 
| 12, 115-VAC input ports | 8. relay output ports | 
| 12,115-VAC input ports | 8, triac output ports T 
| 12, DC sinking input ports | 8, relay output ports | 
| 12, DC sinking input ports r . 8, triac output ports | | 
12, DC sinking input ports 3; transistor sourcing output ports 
12,DC sourcing input ports = 8, transistor sinking output ports | 

| 12,240-VAC input ports | _ 8, tiac output ports | 
12, 240-VAC input ports 8, relay output ports . 


Table 2-1. Fixed Allen-Bradley SLC 500 processors. 


Chassis: 


A rack that serves as an 


electrical backplane for 


a PLC processor and I/O 


modules. 


Chassis 


The chassis is a rack that serves as an electrical backplane for a 
PLC processor and I/O modules. In an Allen-Bradley SLC 500 modu- 
lar PLC, the chassis provides electrical current to the processor, input 
module, and output modules. The power supply connects to the side 
of the chassis and provides electrical power to the chassis backplane. 
The processor, input modules, and output modules are placed in sepa- 
rate slots in the chassis, allowing them to make a physical connection 
with the backplane. 

When installing the PLC components in a chassis, the processor 
must be placed in slot zero. The input and output modules can be 


in any other slot. Slot zero in the modular PLC is reserved for the 
processor. 
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In an Allen-Bradley SLC 500 fixed PLC, the power supply, pro- 
cessor, and I/O modules are a complete unit. The input and output 
modules are referred to as module zero. The I/O port types and their 
voltage or current rating cannot be altered. However, a two-slot chas- 
sis can be added so that two more I/O modules can be installed. In 
this configuration, the fixed PLC power supply provides power to the 
chassis backplane. 

Four chassis sizes are available for the modular SLC 500 series 
processors: four-slot, seven-slot, ten-slot, and thirteen-slot. The num- 
ber of slots can be expanded to a maximum of 30 by interconnecting 
up to three chassis using cables. For example, you can connect two 
thirteen-slot chassis to one four-slot chassis to create a 30-slot SLC 500 
series PLC. 


Power Supply 


The power supply provides power to the chassis backplane, and 
thus to the processor, modules, and peripherals attached to the chas- 
sis. The power supply must be able to provide ample current to these 
components. To select an appropriate power supply for your applica- 
tion, you should add together the current ratings of the processor, I/O 
modules, communication modules, specialty modules, and peripher- 
als that will attach to the chassis. You can find this information in the 
SLC 500 Systems Selection Guide located on the Rockwell Automation 
website. To find this document, you can simply enter the document 
name in an Internet search engine, such as Google. The backplane cur- 
rent draw at 5 V and 24 V is listed for each device. You should compare 
the added values of each voltage level with those in the power sup- 
ply specifications and select the power supply that can handle these 
ratings. 


Processors 


Table 2-2 lists the Allen-Bradley SLC 500 modular PLCs. Notice 
that Allen-Bradley sells several types of modular PLCs with assorted 
sizes of RAM. Allen-Bradley refers to the RAM as program memory 
and specifies its size by the number of words it can hold. For exam- 
ple, a 1k memory module can hold 1k words of program data and 
instruction. 

In more advanced and larger PLCs that have analog input and output 
ports, the memory need increases. You will know a memory upgrade 
is needed when a PLC program cannot be downloaded to the PLC. 
An error message will indicate that memory size is not adequate. If 
there may be a possible future need to expand the PLC I/O, a PLC with 
an expandable memory option should be purchased. When expanding 
memory, sales engineers at Rockwell Automation can recommend the 
type you need to buy for a particular PLC. 
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Model | Processor | Memo ry Size 


a L53 C/D 
1747- L531 
1747- L532B 


1747-L532 
J TAS 5/04 64k 
a Sd 
17471541D 5/04 keal 
1747-1543 LEa a 
O es E EE | 
1747-L541 = 5/04 6k 
io ee ae 24k 
© 17474553B ěć | a 
mT EE 


1747-L551B 
B99) 747-1559 


Table 2-2. Modular Allen-Bradley SLC 500 processors. 


Another thing to consider in purchasing a processor is the types 
of instructions it can handle. For example, if your ladder logic program 
will include advanced math features, you will need to purchase the 
SLC 5/03, 5/04, or 5/05 PLC. The fixed SLC 500, 5/01, and 5/02 cannot 
handle advanced math instructions. 
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The type of communication interfaces needed on the proces- 
sor is also an important feature to be aware of. For example, if you 
plan on connecting your PLC to a DH+ network, you will need to 
choose a processor that has the DH+ interface. Allen-Bradley pro- 
cessor communication interfaces are covered in section 2.6—PLC 
Communication Systems. The DH+ network protocol and other PLC 
network protocols are covered in Chapter 17—PLC Networks in 
Manufacturing. 


I/O Modules 


You can select and purchase different types of Allen-Bradley I/O 
modules to suit your specific control application. Each slot in a PLC 
chassis can have a different type of module in it. Allen-Bradley SLC 
500 series modules can be grouped into four categories: 


e Digital (discrete) I/O modules. 

e Analog (variable) I/O modules. 

e Specialty I/O modules. 

e Distributed or networking I/O modules. 


Digital input modules are available in a wide range of voltage 
or current sourcing and sinking options. (Sourcing and sinking is 
explained later in this section.) Similarly, digital modules can gener- 
ate different voltages or currents. The I/O voltage or current level is 
fixed for each discrete module. 

Analog input modules use analog-to-digital converter (ADC) ICs 
to convert variable voltage or current to discrete values that can be 
processed by a PLC. The variable voltage or current input is usually 
supplied by electronic sensors. 

Digital, or variable, output modules use digital-to-analog con- 
verter (DAC) ICs to convert digital data supplied by the PLC processor 
to scalable voltage or current output. The analog output voltage or 
current level can then be used to drive electronic or electromechanical 
loads. 

Specialty I/O modules are available for special temperature, pres- 
sure, position, hydraulic, and pneumatic control systems. There are 
also high-speed counter and motor-speed control modules available. 
Distributed or networking I/O modules enable remote and networked 
communications. 


Addressing 


The housing of a modular PLC consists of a power supply and chas- 
sis with several slots. The central processing unit (CPU) must be placed 
in the slot next to the power supply. This slot is numbered as slot zero. 
Hence, the CPU module is always module zero. The other slots hold 
input and output modules and are numbered according to the slot the 
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module occupies. For example, if an input module is placed in slot one, 
then it is addressed as input module one (1:1). An output module that is 
placed in slot two is addressed as output module two (O:2). 

There may be several input and output modules in a modular 
PLC system. For example, there might be input modules one, three, 
and five that are referred to as [:1, I:3, and 1:5, respectively. While there 
might be output modules two, four, and six that are referred to as O:2, 
O:4, and O:6, respectively. 

Each input or output module has several ports, or terminals. 
For example, input module one may have sixteen ports, and out- 
put module two may have eight ports. Ports on the modules also 
need to be specified when they are specifically used in a ladder 
logic diagram. They are addressed by their module and port num- 
ber. For example, an input port on module one, terminal two is 
addressed as [:1/2, and an output port on module two, terminal 
one is addressed as O:2/1. 

Figure 2-1 displays a typical PLC trainer station that can be 
used in a laboratory. This PLC trainer uses an Allen-Bradley fixed 
SLC 500. This PLC has twelve input and eight output ports. The PLC 
trainer displayed in Figure 2-1 has four input devices: one mechani- 
cal switch, one thermostat switch, and two pushbuttons (green and 
red). It also has six output devices: one bell, two electric ac motors, 
and three pilot lights (white, green, and red). Figure 2-2 displays 
one possible wiring connection diagram for the input and output 
devices. 

Table 2-3 lists the address assignments for the I/O connections 
displayed in Figure 2-2. Notice that the Allen-Bradley fixed SLC 500 
PLC has only the module address zero. Therefore, input ports have 
addresses I:0/# and output ports have addresses O:0/#. Input port 
numbers can range from 0 to 11 (I:0/0, I:0/1, I:0/2, I:0/3, 1:0/4, 1:0/5, 
1:0/6, 1:0/7, 1:0/8, 1:0/9, 1:0/10, I:0/11). Output port numbers can range 
from 0 to 7 (O:0/0, O:0/1, O:0/2, O:0/3, O:0/4, O:0/5, O:0/6, O:0/7). 
Wiring 

PLC I/O ports are ordinarily connected to I/O devices through 
American Wire Gauge size fourteen (AWG 14). The PLC I/O ports 
are typically rated for low amperage. Therefore, AWG 14 wire has 
more than sufficient ampere rating for carrying current for the PLC 
I/O ports. 

In most applications, the output devices require larger voltage and 
current ratings. A magnetic relay should be used to connect larger 
voltage and current equipment to the output device. Figure 2-3 illus- 
trates how the PLC output port provides voltage and current to the 


input coil of the magnetic relay. Note: Before wiring a PLC, always 
refer to and follow the product documentation. 
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Input ports 
Thermostat 
a Motor #6 
Allen-Bradley 
SEC O00 
+ -— GND + — GND + — GND Programmable 
e @ o o èo o O 6 G Weal 
NO switch Controller 
switc 
NO green 10 Amp | 120 acs 
pushbutton —6 a fuse a 
NO red common 
ISS e 
pushbutton o— 


Green pilot light 


Red pilot light 


White pilot light 


Jeet | 


Emergency 
switch 


Figure 2-1. Typical PLC trainer I/O components. 


Sourcing and Sinking 


When working with DC I/O modules, you will encounter sourcing 
DC modules and sinking DC modules. The terms sourcing and sinking 
refer to the way current flows through the input or output module DC 
circuit. I/O devices for DC I/O modules are also labeled as sourcing or 
sinking. A sourcing device always attaches to a sinking I/O module, 
and a sinking device always attaches to a sourcing I/O module. 
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Input ports Output ports 


+120 V | |Common 
Switch 


Thermostat 


Figure 2-2. PLC trainer I/O connections example. 


vvo 


Green pushbutton = 1:0/1 Red light = 0:0/1 


Red pushbutton = 1:0/2 White light = 0:0/2 


| Thermostat = |:0/3 Motor #1 = 0:0/3 
Motor #2 = 0:0/4 


a — 


avy `AE 


Table 2-3. Input and output address assignments for the 
connections in Figure 2-2. 


Figure 2-4 shows how current flows through a sourcing and 
sinking I/O module when a device is connected to it. Sourcing occurs 
when the current flows out of the PLC port, Figure 2-4A, and sinking 
occurs when the current flows into the PLC port, Figure 2-4B. 


ports. 
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Input ports 


+120 V| |Common 


Output ports 


gi2.4 PLC Memory Expansion and Usage 
LE 


Figure 2-5 displays a memory map in which memory space is 
divided into two segments: user memory and system memory. The 
user memory segment holds the ladder logic program. The user mem- 
ory segment is about 75% of the total memory. The system memory 
segment stores information needed to execute the user program. The 
following describes the different sections of system memory: 


Input status: The section that holds the status of discrete input 


Coils-relays 


Figure 2-3. Using magnetic relays to control large motors with a PLC. 


Sourcing: 

Connecti 10 a device toa 
Pix 

curre rh 

PLC por 

Sinking: 


Conne “ting g de ica tosa 
PLC 

PI 

User memory: 
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the PLC 
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System memory: 
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Sourcing Input Module Sinking Input Module 


— |DC power} + + [DE power 


Sinking Sourcing 
device device 


A 


Figure 2-4. DC I/O modules are either sourcing or sinking. A—Sourcing input module connection. 
B—Sinking input module connection. 


e Output status: The section that holds the status of discrete 
output ports. 


e Timers’ status: The section that holds the preset values and the 
accumulated values of the timers. 


e Counters’ status: The section that holds the preset values and 
the accumulated values of the counters. 


e Math and logic instructions’ status: The section used for 
instructions such as addition, subtraction, multiplication, 
division, sequencer, shift registers, and comparison. Status 
values are held at the bottom of the storage memory. 


Be.5 PLC Communication Systems 


PLCs communicate with industrial input and output devices. 
In addition, PLCs communicate with peripheral control components 
such as PCs, printers, display panels, peripheral interfaces, and pro- 
gramming devices. Allen-Bradley SLC 500 PLCs have one to two 
channels (Channel 0 and Channel 1) that can be used for communica- 
tions. Channel 0 is typically used to attach peripheral devices such 
as bar code readers, printers, monitoring devices, and programming 
devices. Channel 1 is typically used to communicate with other PLCs 
and PCs. 
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Address | 8-bit data 


| OOOH = 0 decimal 


User memory 
(75% of total memory) 


600H = 1536 decimal 


System memory 
(25% of total memory) 


800H = 2048 decimal 


Figure 2-5. The PLC memory map is divided into user memory and 
system memory. 


Table 2-4 lists the Allen-Bradley SLC 500 PLCs and the commu- 
nications protocols used for Channel 0 and Channel 1. Note that all of 
the Allen-Bradley SLC 500 PLCs have a Channel 1, but that only the 
SLC 5/03, 5/04, and 5/05 also have a Channel 0. 

DH-485, DH+, and Ethernet are for network communications. 
The DH-485, DH+, and Ethernet PLC networks are covered in Chap- 
ter 17—PLCs in Manufacturing. DF1 provides serial communications 
through an RS-232 interface. DF1 can be used for remote communi- 
cations through a modem or radio modem, monitoring PLC status, 
and programming. There are two types of DF1 communications: full- 
duplex and half-duplex. Full-duplex DF1 allows for two-way commu- 
nications between two devices. Half-duplex DF1 allows for communi- 
cations in one direction at a time in a network of up to 255 devices. 
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Baud (Bd) rate: 

A unit for measuring 
the speed of serial 
communication 
transmission. Baud rate 
measures the bits per 
second (bps) that are 
sent or received. 


Serial communication: 


Communication where 
data is transmitted one 


bit at a time through one 


transmission medium 


= Processor §Channell = ChannelO = 


ESOT SASS 


DH-485 
DH-485 


SLC 5/02 
SLC 5/03 


Table 2-4. Allen-Bradley SLC 500 communication protocols for 
Channel 1 and Channel! 0. 


ASCII allows for communications with other devices that use the 
ASCII protocol, such as serial printers and bar code readers. Note that 
ASCII communications also takes place over the RS-232 interface or 
connector. When using Channel 0 for DH-485 communications, the 
RS-232 connector is also used, instead of a DH-485 connector. 

There are several terms you should be familiar with to configure 
the communication interfaces discussed. These terms are baud rate, 
parity, DTE, DCE, simplex, half duplex, and full duplex. The following 
sections define and explain these and related terms. 


Baud Rate 


Baud (Bd) rate is a unit for measuring the speed of serial commu- 
nication transmission. Baud rate measures the bits per second (bps) 
that are sent or received. In serial communication, data is transmit- 
ted one bit at a time through one transmission medium. 

A PLC communicates with its peripheral devices at different baud 
rates. For example, a PLC may operate at a rate of 19,200 Bd with the 
CPU and 2400 Bd with a printer. 

The baud rate includes framing bits. In serial communication, 
data can be framed prior to transmission. Framing is the process of 
indicating the beginning and ending of a transmission. Framing bits 
include the start bit, stop bit, and parity bit. The framed word has 
start and stop bits and sometimes a parity bit. Framing each byte of 
data ensures the correct transmission of data, since the device that 
is receiving the information is alerted when data transmission starts 
and ends. 


Parity 


A parity bit is turned on or off to make transmitted data to have 
either an odd number of ones (i.e, odd parity) or an even number of 
ones (i.e. even parity). A parity bit check is used to find transmission 
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errors. These errors come in the form of lost or changed bits. The com- 
munication protocol can be set for even parity check, odd parity check, 
or no parity check. When it is set for even parity check, the parity bit 
turns on or off to ensure the number of high bits in one byte (8 bits) of 
transmitted data is even. When it is set for odd parity check, the par- 
ity bit turns on or off to ensure the number of high bits in one byte of 
transmitted data is odd. 


DTE and DCE 


Network components can be divided into two types: DTE and 
DCE. Data terminal equipment (DTE) initiate communication by 
sending messages. A device that initiates communication is also 
referred to as a master or initiator. DTE can be computers or master 
PLCs. Data communication equipment (DCE) respond to the mes- 
Sages transmitted by the DTE. A device that responds to transmitted 
messages can also be referred to as a slave or responder. DCE can be 
modems or slave PLCs. 

In a network, there is at least one initiator (DTE) and several 
responders (DCEs). A network with one initiator and several 
responders is often referred to as a single master/multiple slave network. 
A network with more than one initiator is often referred to as a 
multi-master network. The DF1 half duplex protocol allows for a single 
master/multiple slave network. 


Simplex, Half Duplex, and Full Duplex 


Figure 2-6 displays three ways to channel communication: sim- 
plex, half duplex, and full duplex. Simplex channeling occurs when 
the DTE either transmits data to or receives data from the DCE. Sim- 
plex channeling will not do both. In a simplex communication system, 
data flows only in one direction. Therefore, flow of data is unidirec- 
tional, either from the DTE to the DCE or vice versa. 

In half duplex channeling, the DTE transmits data to and receives 
data from the DCE. However, transmission and reception of data can- 
not occur simultaneously. 

In full duplex channeling, the DTE transmits data to and receives 
data from the DCE through two separate transmission lines. There- 
fore, data flow to and from DTE and DCE is simultaneous. 


812.6 Programming Modules 
4 


PLC programmers use a peripheral device called a programming 
module (PM) to transfer their program routines to the PLC. There are 
three different types of PLC programming modules: 


e Hand-held. 
e Dedicated. 
e Computer. 


Data terminal 
equipment (DTE): 
Initiate communication 
by sending messages. 


Data communication 
equipment (DCE): 
Respond to the 
messages transmitted by 
the DTE. 


Simplex: 

A channeling system 
that uses a single line 
and communication is 
unidirectional. 


Half duplex: 
Channeling system 

in which the data is 
transmitted and received 
on one line, but not 
simultaneously. 


Full duplex: 
Channeling system that 
uses two lines. Data can 
be transmitted on one 
line and received on the 
other simultaneously. 


Programming 
module (PM): 

A peripheral device 
used to transfer ladder 
diagrams to the PLC. 


44 


Programmable Logic Controllers: Hardware and Programming 


Simplex z 
Transmit or receive 


(but not both) 


Half Duplex 
Transmit and receive 


(but not at the same time) 


Full Duplex 


[| Transmit and receive [oc] 


Figure 2-6. Three ways to channel communication: 
simplex, half duplex, and full duplex. 


Typically, one uses hand-held programmers similar to the one 
displayed in Figure 2-7 for programming smaller PLC devices. After 
programming the PLC, these temporary programming modules are 
disconnected from the system. For larger PLC systems, a dedicated 
programmer module similar to the one displayed in Figure 2-8 can be 
used. This programmer module is permanently left in the PLC circuit. 
Maintenance personnel can use it to modify or troubleshoot the PLC 
programs. 

You can also use a personal computer (PC) or laptop computer 
to program a PLC. A device that bridges communication between 
two different interfaces must be used between the PC or laptop and 
the PLC. For example, the 1747-PIC can be used to connect the RS-232 
(serial) port on the PC to the DH-485 port on the PLC. The 1747-UIC 
can be used to connect the USB port on a computer to the DH-485 or 
RS-232 port on the PLC. Figure 2-9 displays a diagram of the PLC and 
PC connections. 

To prevent unauthorized personnel from running or altering a 
PLC program, most PLCs have different hardware and software com- 
munication settings. Some common settings are as follows: 


e Off: The system cannot run or be programmed. 


e Offline program: The PLC’s program can be modified while the 
system is not running. 


e Disable: Turns all the PLC outputs off or sets them to the 
inoperable state. 


e Run: The system can run, but its program cannot be altered. 


e Online Monitor/Run: Turns on to display the PLC program 
while the PLC is running. 


e Forced: Allows the system to run and allows the program to be 
modified while the system is running. 
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n: Use the Forced mode with extreme caution. An 


can start a motor using the force instruction. This ac 
potential to cause bodily harm to assembly line work 
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Figure 2-7. Hand-held programming modules can be moved from station 
to station easily. (Used with permission of Rockwell Automation, Inc.) 
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Figure 2-8. Larger PLC stations will usually have dedicated terminals. 
(Used with permission of Rockwell Automation, Inc.) 
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y the RS-232 (serial) port 


1746-C 10 cable 


To the USB port 


1747-CP3, 1756-CP3, or 
1747-Cl3 cable 


Figure 2-9. Connecting a PC to a PLC. 


le 
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Programmable logic controllers (PLCs) are known as process- 
control computers and are used in event-driven industrial 
control systems. 


Programmable logic controllers communicate with industrial 
input and output devices and peripheral control components 
such as PCs, printers, display panels, peripheral interfaces, and 
programming devices. 


Important factors to consider when selecting a PLC are 
manufacturer’s support, serviceability, flexibility, expandability, 
programming software, training, and documentation. 


For the fixed PLC, the processor, power supply, and I/O modules 
are all in one housing. 


T 
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For the modular PLC, the housing consists of a power supply 
and chassis with several slots. 


Four groups of Allen-Bradley SLC 500 series modules are digital 
(discrete) I/O modules, analog (variable) I/O modules, specialty 
I/O modules, and distributed or networking I/O modules. 
Different sections of system memory are input status, output 
status, timers’ status, counters’ status, and math and logic 
instructions’ status. 


Three different types of PLC programming modules are hand- 
held, dedicated, and computer. 


view Questions 


How many factors would you consider for selecting a PLC? List 
them. 


. Describe the main difference between Allen-Bradley fixed and 


modular SLC 500 processors. 


. List the four categories of SLC 500 I/O modules. 
. A sinking input device must be connected to a(n) input 


module port. 


. A sourcing output device must be connected to a(n) 


output module port. 


. What is the difference between system memory and user 


memory? 


List the different sections of data that are held in system 
memory. 


_ Name two devices that can be used as an interface between a PC 


and a PLC. 
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Number Systems and Codes 
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Introduction 
3.2 Decimal Number System 
3.3 Binary Number System 
3.4 Binary-to-Decimal Conversion 
3.5 Decimal-to-Binary Conversion 
3.6 Binary Addition 
3.7 Binary Subtraction 
3.8 Binary Multiplication 
3.9 Binary Division 
3.10 Hexadecimal Number System 
3.11 Octal Number System 
3.12 Binary Coded Decimal System 
3.13 Gray Code 
3.14 Alphanumeric Code 


Bi Technical Terms 


decimal number system subtrahend octal number system 
base minuend binary coded decimal 
fractional numbers borrow bit (BCD) system 

real numbers multiplicand Gray code system 

integer numbers multiplier American Standard Code 
binary number system divisor for Information 

least significant bit (LSB) dividend Interchange (ASCII) 
most significant bit (MSB) quotient Extended Binary-Coded 
successive division method hexadecimal number Decimal Interchange 
carry bit system (hex) Code (EBCDIC) 


i Learning Objectives 
e After completing this chapter, you will be able to: 
e Explain the decimal number system. 
e Explain integer numbers, fractional numbers, and real numbers. 
e Describe the binary number system. 
e Convert decimal numbers to binary and vice versa. 


e Perform binary math operations such as add, subtract, multiply, 
and divide. 49 
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e Explain the hexadecimal number system. 

e Convert binary numbers to hexadecimal numbers and vice versa. 
e Explain the octal number system. 

e Convert binary numbers to octal numbers and vice versa. 

e Explain the binary coded decimal number system and its use. 

e Convert decimal numbers to binary coded decimal. 

e Explain the Gray code number system and its use. 

e Explain ASCII and EBCDIC alphanumeric codes. 


i 3.1 Introduction 


The decimal number system, which has a base of ten (10), has 
been used as a number system since people started using numbers. 
This number system was invented because humans used their ten fin? 
gers to keep track of their counting. 

However, digital devices such as programmable logic controllers 
use a two-state logic system in their central processing unit to count 
numbers and perform calculations. In two-state logic, the state is either 
high (e.g., +5 VDC) or low (e.g, 0 VDC). The high state is assigned to 
represent the number one (1) and the low state to represent the num- 
ber zero (0). This type of number system is called the binary number 
system. 

In this chapter, you will learn the binary number system and several 
other number systems that are used in digital devices. You will learn how 
to convert a number from one system to another. You will also learn how 
to perform math operations using the binary number system. 


3.2 Decimal Number System 


Decimal number The decimal number system has ten (10) digits running from zero 
NEE Sisto pace (0) through nine (9). The decimal digits are 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9. 
a base of ten (10). The value for each digit depends on the position of the digit within the 
Bese: number. The multipliers for the digits are numbers constructed by the 
The number that base, also called the radix, of the number system (10 in the decimal sys- 
determines the weight of tem) raised to the appropriate power. Notice in the examples that follow 
digits in a given number that 10° is equal to 1. Table 3-1 contains values for the power of ten (10) 


system. Also called a 
radix. numbers. 


Example 3-1 


6310 = (6 x 10°) + (3 x 10?) + (1 x 10!) + (0 x 10°) 
= (6 x 1000) + (3 x 100) + (1 x 10) + (0 x 1) 
= 6000 + 300 + 10 + 0 
= 6310 
Caen en reer een ree Ss 
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10'=10 


102 = 100 10-3 = 0.001 
| 10-4 = 0.0001 


10-° = 0.00001 


Table 3-1. Positive and negative powers of 10. 


Fractional numbers: 


: : : Numbers tha 
Fractional numbers have weights that are negative powers of weights with eee 


ten (10). The number in Example 3-2 is a fractional number. powers. 


Example 3-2 


Qeil = ko 104) (rr x10" « 10) 
= (8 x 0.1) + (1 x 0.01) + (2 x 0.001) 
= 0.8 + 0.01 + 0.002 
= W812 


_ Real numbers have weights that are both positive and nega- Real numbers: 
tive powers of ten (10). The number in Example 3-3 is a real number. Numbers that have both 
Real numbers have both integer and fractional parts. In Example 3-3, w PRS 
you can see how the value of digits depends on the digits and their 
positions. 


Example 3-3 


547165 = (5 x 10°) + (4 x 10°) + (7 x 10°) + (1 x 107) + (6 x 107) + (5 x 10°) 
= (5 x 100) + (4 x 10) + (7 x 1) + (1 x 0.1) + (6 x 0.01) + (5 x 0.001) 
= 500 + 40 + 7 + 0.1 + 0.06 + 0.005 
= 547.165 


In Example 3-3, there are digits to the right and to the left of the 
decimal point. The digits to the left of the decimal point represent the 
integer number. The digits to the right of the decimal point represent 
the fractional number. 

Integer numbers have weights that are positive powers of ten (10). Integer numbers: 
These numbers can be positive or negative. Zero is also an integer es nese r 
number. The number in Example 3-1 is a positive integer number. i a i 
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Š 3.3 Binary Number System 


Binary number system: The binary number system has a base, also called a radix, of two (2). 
Number system thathas Therefore, only the digits 1 and 0 are present. All binary numbers are 
ooo Ne: created from combinations of these two digits. 

Pea licant There are three binary numbers in Example 3-4. The first two num- 


bit (LSB): 
Bit ina binary numberon bers are integer binary numbers and the last one is a real binary num- 
the far right-hand side. ber. The binary digit to the far right-hand side of the number is called 
Most significant the least significant bit (LSB). Just as with the decimal system, the 
eles)! rightmost number has the smallest value. The binary digit to the far left- 


Bit in a binary number on i i D . 
a far nes side. hand side of the number is called the most significant bit (MSB). 


As you will see in the following example, a subscript 2 following 
a number is often used to indicate that it is a binary number. 


Example 3-4 


(11001; =X 2) e022) FOR 2 rOxn2) Ses 
=16+8+0+0+1=25 
CUI101)5 = (1 * 27) + (1 & 2?) + A (0 x E l 2) 
(111.0111), = x 27) + Ax2) 4x2) + (0x2) 2 ea) 
P2) 


$3.4 Binary-to-Decimal Conversion 


Converting between binary and decimal number systems is an 
important skill. First, you will learn to convert a binary number to a 
decimal. 

To convert binary-to-decimal, first convert each bit to its equivalent 
decimal value. Then, add all of these decimal values. Example 3-5 illus- 
trates how to convert integer and real binary numbers to decimal. 


Example 3-5 


1. Convert the integer binary number 11101 to a decimal number. 
(11101), = (1 x 2*) + (1 x 23) + (1 x 2?) + (0 x 2") + (1 x 2°) 
=16+8+4+0+4+1= (29), = 29 
Note that the base ten (10) is usually not displayed with the 


number. The base of 10 is often assumed. Now, work through 
some real binary numbers. 


2. Convert the real binary number 111.0111 to a decimal number. 
(111.0111). = (1 x 27) + (1 x 2!) + (1x 2° + (0x24) + (1x 22) + 
(x22 yee (le?) 
=4+24+1+4+0+0.25 + 0.125 + 0.0625 
= (FAVO 
=/43/5 
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3. Convert the real binary number 1001.1011 to a decimal number. 
1001.1011 = (1 x 2°) + (0 x 2?) + (0 x 2") + (1 x 2°) + (1 x 27") + 
(Ox 27) (1x 2°) +0 x24) 
=8+0+04+1+05+0+ 0.125 + 0.0625 


= 9.6875 


BS Decimal-to-Binary Conversion 


Conversion from decimal to binary is also important. The repeated 
division or successive division method is used to convert the integer 
part of a decimal number. Repeated or successive multiplication is 
used to convert the fractional part. 
In the successive division method, the integer decimal number is Successive division 
divided by two, repeatedly. The remainders make-up the new binary method: 


number. A remainder of one or less indicates a one. No remainder 


Method of converting 
decimal numbers to 


indicates a 0. The first division gives you your least significant digit. _ binary by dividing the 
The final division gives you your most significant digit. The division decimal number by two 


continues until the quotient is equal to zero. Example 3-6 illustrates 


repeatedly. 


how to convert integer decimal numbers to binary numbers. 


1. Convert the integer decimal number 35 to binary. 


Example 3-6 


Quotient Remainder Binary Digit 
B52 = 17 il LSB = remainder = 1 
17+2=8 1 next bit = 1 
PEPA! 0 next bit = 0 
ál = 2 0 next bit = 0 
2+2=1 0 next bit = 0 
1+2=0 it MSB = remainder = 1 
The answer is 100011. 

2. Convert the integer decimal number 50 to binary. 

Quotient Remainder Binary Digit 
5Q 2 = 25 0 LSB = remainder = 0 
25-22 = 12 1 next bit = 1 
12+2=6 0 next bit = 0 
6+2=3 0 next bit = 0 
oS 221 1 next bit = 1 
1+2=0 1 MSB = remainder = 1 
The answer is 110010. 


Converting the fractional part of a decimal number to binary 
is done using the successive multiplication method. The decimal 
number is multiplied by two and the portion that is carried (if the 
product is greater than 0) is the MSB of the binary number. This 
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process is continued until the decimal part of the number becomes 
zero. Example 3-7 illustrates how to convert a fractional decimal 
number to a binary number. 


Example 3-7 


Convert the fractional decimal number 0.625 to binary. 


Carry Fractional Part Binary Digit 
0.625 x2=1 0.25 MSB = carry = 1 
0.25x2=0 0.50 next bit = 0 
0.50 x2=1 0.0 LSB =1 


The answer is 0.101. 


poe Binary Addition 


In the decimal number system, a carry is generated when the sum 
of two digits is equal to 10. In the binary number system, a carry is 
generated when the sum of two binary bits is equal to two. The fol- 
lowing four binary bit additions describe all the ways binary bits are 


Carry bit: added and how the carry bit is generated. 
Bit in an addition 


operation that is E 
generated when the sum ors] 
of two digits is larger 1 + 1=0 with carry of 1 


than the base. 1+1+1=1 with carry of 1 


Example 3-8 illustrates these binary additions in action. 


Example 3-8 


1. Add the four-bit binary numbers 1111 and 1010. 


carry: 1110 
dials 
+y1010 
11001 
The following illustrates how carry bits are generated from 
right to left. 
1+0=1 with carry = 0 
1+1+0=0 with carry =1 
1+0+1=0 with carry = 1 
Tie l= 1 with carry = 1 
Nothing + 1 =1 
2. Add the eight-bit binary numbers 11101100 and 01101001. 
carry: 11101000 
11101100 
+y01101001 
101010101 
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The following illustrates how carry bits are generated from 


right to left. 


0 +1 = 1 with carry = 0 
0 + 0 + 0 = 0 with carry = 0 
1+0 +0 = 1 with carry = 0 
Li PEO- 0 withicarry = 1 
0+0+1=1 with carry =0 
1+1+0=0 with carry =1 
Pt 1 = I with carry =1 
1+0+1=0 with carry = 1 
Nothing + 1 =1 
3. Add the eight-bit binary numbers 11111111 and 11110111. 

carry: 11111111 

NGG 

+ 411110111 
111110110 


The following illustrates how carry bits are generated from 
right to left. 
1+1=0 with carry =1 
i+1+1=1 withcarry =1 
1+1+1=1 with carry =1 
1+0+1=0 with carry =1 
1+1+1=1withcarry =1 
1+1+1=1 with carry =1 
1+1+1=1withcarry =1 
1+1+1=1withcarry =1 
Nothing + 1 =1 


HS./ Binary Subtraction 


In the decimal number system, when the value of a digit is being 
subtracted (the subtrahend) is greater than the value of the digit that it 
is being subtracted from (the minuend), a borrow from the next higher 
column (the column to the left) is required. The same principle applies 
to the subtraction of binary numbers. The following four binary bit 
subtractions describe all the ways binary bits are subtracted and when 
a borrow bit is required. 


0-0 = 0 no borrow 

1-1 = 0 no borrow 

1-0 = 1 no borrow 

(1) 0-1 = 1 with a borrow of 1 

Example 3-9 illustrates how to subtract one binary number from 
another binary number. 


Subtrahend: 
The bottom number in a 
subtraction operation. 


Minuend: 
The top number in a 
subtraction operation. 


Borrow bit: 

Bit in a subtraction 
operation that is required 
when the subtrahend 
(bottom number) digit is 
larger than the minuend 
(top number) digit. 
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Example 3-9 


1. Subtract the four-bit binary number 1010 from the binary 
number 1101. 


borrow: 0010 
1401 minuend 
~1010 subtrahend 
0011 result 


The following illustrates how borrow bits are generated from 
right to left. 
1-0 = 1 with borrow = 0 
(1) 0-1 = 1 with borrow = 1 (weight of 2) 
0 -0 = 0 with borrow = 0 
1-1 = 0 with borrow = 0 
2. Subtract the binary number 1111 from the binary number 11110011. 


borrow: 00001000 
10010111 

— 10010011 
00000100 


The following illustrates how borrow bits are generated from 

right to left. 

1-1 = 0 with borrow = 0 

1-1 = 0 with borrow = 0 

(1)0~-1=1 with borrow = 1 (weight of 2) 

1 -1 =0 with borrow = 1 (weight of 1 because previous bit 
borrowed from this borrow) 

0-0 = 0 with borrow = 0 

1-0 = 1 with borrow = 0 

1-0 = 1 with borrow = 0 

1-0 = 1 with borrow = 0 


3. Subtract the eight-bit binary number 10010011 from the binary 
number 10010111. 


borrow: 00001000 
10010111 

— 10010011 
00000100 


= 0 with borrow = 0 
= 0 with borrow = 0 
= 1 with borrow = 0 
= 0 with borrow = 0 
= 0 with borrow = 0 
= 0 with borrow = 0 
= 0 with borrow = 0 
= 0 with borrow = 0 


I 
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$i 3.8 Binary Multiplication 


Binary multiplication is similar to decimal multiplication, except 
there are only two bits in binary numbers. Notice that in multiplica- 
tion, the multiplicand is multiplied by each of the multiplier digits. 
The results of each higher multiplier digit are shifted one place to the 
left. When each of the multiplicand’s digits have been multiplied by 
the multiplier digits, all of the numbers are added. The following four 
binary bit multiplications describe the way binary bits are multiplied. 


Eno = (0 
Hel = 0) 
Px 0 
Woes See 


Example 3-10 illustrates how to multiply two binary numbers. 


Multiplicand: 

The top number in a 
multiplication operation. 
Multiplier: 

The bottom number in a 
multiplication operation. 


Example 3-10 


1. Multiply the binary numbers 1011 to 1100. 
1011 multiplicand 
x 1100 multiplier 
0000 Result of the multiplicand times the LSB of the multiplier 
(0 in this example) 
+ 0000 
+ 1011 
+1011 (lin this example) 
10000100 product 
2. Multiply the binary numbers 1111 by 11. 
jee 
x 0011 
1111 Result of the multiplicand times the LSB of the multiplier 
(1 in this example) 
#d111 
+ 0000 
+ 0000 


0101101 Result of the multiplicand times the MSB of the multiplier 


(0 in this example) 


Result of the multiplicand times the MSB of the multiplier 


——=E eee 


4 3.9 Binary Division 
Division can be explained as how many times a number called the 


divisor can be subtracted from another number called the dividend. 
The subtraction routine continues until the remainder is less than the 


Divisor: 

Number in a division 
operation that can be 
subtracted from the 
dividend repeatedly. 
Dividend: 

Number in a division 
operation from which the 
divisor can be subtracted 
repeatedly. 
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Quotient: dividend. The number of times the divisor can be subtracted from 
OO division opemation, the dividend is called the quotient. Binary division is very similar to 


it is the number of : ONR 
times the divisor can decimal division. 


be subtracted from the Example 3-11 illustrates how to divide a binary number by another 
dividend. binary number using the repeated subtraction method. 


Example 3-11 


Divide the binary number 11000 by 110 using the repeated sub- 
traction method. 


11000 dividend 
-110 divisor 
10010 
Next, 10010 
— 110 
01100 
Next, 01100 
- 110 
00110 
Next, 00110 
- 110 
000 remainder is less than divisor, therefore stop. 


Four subtractions took place, therefore the quotient is equal 
to 100 binary number which is equal to decimal 4 (100 binary = 4 
decimal). 


gae Hexadecimal Number System 


In medium to larger programmable logic controllers (PLCs), the 

Hexadecimal number hexadecimal number system, often just called hex, is used to display 

vaT A — the PLC memory map and to carry out the math instructions. 

Pic o The hexadecimal number system is created by grouping four 
binary bits. Hexadecimal numbers have a base of 16 and therefore 
require fifteen digits. The hexadecimal number system uses the 
numbers zero (0) through nine (9) for the first ten digits. Then, to 
avoid confusion, ten (10) through fifteen (15) are represented by 
letters A through F. Digits representing the numbers 10, 11, 12, 13, 
14, and 15 are displayed by letters A, B, C, D, E, and F respectively. 
Sometimes the capital letter H or the small letter h is placed at the 
end of a hexadecimal number to distinguish it from a decimal 
number. 
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The first sixteen hexadecimal digits, their binary equivalent, and 
their decimal equivalent numbers are as follows: 


Hexadecimal Binary Decimal 


0 0000 0 
Il 0001 1 
2 0010 2 
3 0011 3 
4 0100 4 
5 0101 5 
6 0110 6 
7 0111 7 
8 1000 8 
9 1001 9 
A 1010 10 
B 1011 11 
C 1100 We 
D 1101 iS 
E 1110 14 
ls Iii 15 


Conversion from binary to hex and the reverse is fairly simple. 
You can form hex numbers from binary numbers by grouping binary 
number bits in groups of four. Swap out each group of four binary bits 
with its hex equivalent. The number 111100010111 becomes 1111 0001 
0111 which is transformed to F 1 7 or F13,. 

Reverse the process to convert to binary. Take each hex digit and 
swap it with the binary 4-bit equivalent. The number 37A, becomes 
0011 0111 1010 or 001101111010. 


i 3.11 Octal Number System 
E3 


In some smaller programmable logic controllers (called 
MicroLogix controllers), the octal number system is used to display 
the memory maps and carry out the math instructions. The octal Octal number system: 
number system has a base of eight. Therefore, only the digits zero (0) Aae that has 
through seven (7) are present. The octal number digits, their binary l 
equivalent, and their decimal equivalent numbers are as follows: 
Octal Binary Decimal 

0 000 0 

001 
010 
011 
100 
101 
110 
111 


ND OF B® WN 
ND FO FP WN 
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Binary coded decimal 


(BCD) system: 
Number system that 
uses binary numbers to 


represent decimal digits. 


As it was with hex numbers, it is easy to convert from binary to 
octal and vice versa. You can form an octal number from a binary 
number by grouping binary number bits in groups of three. Swap out 
each group of three binary bits with its octal equivalent octal digit. 
The number 11001111 becomes 011 001 111 which is transformed to 
317 Of Site. 

Reverse the process to convert to binary. Take each octal digit and 
swap it with the binary 3-bit equivalent. The number 246 becomes 010 
100 110 or 10100110. 

The capital letter O is placed at the end of an octal number to dis- 
tinguish it from a decimal number. 


e Binary Coded Decimal System 


Inside the memory and microprocessor registers of a PLC, num- 
bers are represented in binary. However, programmers and mainte- 
nance personnel who work on PLCs are familiar with the decimal 
number system. Therefore, a system called binary coded decimal was 
invented. 

In the binary coded decimal (BCD) system, each 4 bits of binary 
numbers are grouped to form a decimal number. Four bit groups rep- 
resenting 10, 11, 12, 13, 14, and 15 are not valid numbers in the BCD 
number system. BCD is constructed by grouping 4-bit binary num- 
bers as we did in binary to hexadecimal conversion. However, in BCD, 
only digits zero (0) through nine (9) are valid. The BCD digits and 
their equivalent decimal numbers are as follows: 


Binary Coded Decimal 
Decimal (BCD) 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 


O oo NDAU BRAUNE O 
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To convert a number from any number system to BCD, first con- 
vert the number to decimal. Then, represent each decimal digit with 
a 4-bit binary number code. Example 3-12 illustrates how decimal, 
binary, and hexadecimal numbers are converted to binary coded deci- 
mal numbers. Notice that in the resulting BCD numbers, spaces are 
left between each grouping of 4-bit binary numbers. 


1. Convert the decimal number 273.125 to BCD. 
Simply convert each digit into its decimal equivalent. 
4 3 1 2 5 
0010 0111 0011 0001 0010 0101 
Therefore, 273.125 = 0010 0111 0011. 0001 0010 0101 g¢p 


2. Convert binary number 1101.10 to BCD. 
First, convert to decimal. 
1101.10 = (1 x 2°) + (1x 2?) + (0x2) +(1x2)+(1x24)+ (0x2) 
=8+4+0+1+05+0= 13.5 decimal 
Then, convert to BCD. 
13-5 = 0000011. 0101 
Therefore, 1101.10, = 0001 0011. 0101gcp 


3. Convert hex number 1AB to BCD. 
To convert hex to BCD, first convert the hex number into 
decimal. 
LAB = (1 x 167) + (10 x 16) + (11 x 16°) = 427 decimal 
Next, convert each decimal digit into its binary equivalent. 
4 D 7 
0100 0010 0111 = 0100 0010 0111.4, 


Și 3.13 Gray Code 


A closed-loop industrial control system that is used to control the 
speed and position of an electric motor shaft is called a servo control. 
Optical encoders generate codes that represent the angular positions of 
the motor shafts. These codes are usually in a format called Gray code. 

The Gray code system is similar to binary. Gray code is converted 
to binary prior to arithmetic operation. Note that Gray code is used for 
detecting the position of a motor shaft. In the Gray code system, only 
one digit changes state (turns on or off) as a number increments or 
decrements. Therefore, the speed of the operation of a control system 
using the Gray code increases because only one digit changes with 
every rotation of the optical encoder disc attached to the motor shaft. 
However, there is a trade-off. The disadvantage of using the Gray code 
is difficulty in doing arithmetic operations with it. 


Gray code system: 
Number system similar 
to binary, but bits are 
changed only one at a 
time. 
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American Standard 
Code for Information 
Interchange (ASCII): 
Code that uses seven 
bits to represent 
alphabets, numbers, 
characters, and control 
words. 


Extended Binary Coded 


Decimal Interchange 
Code (EBCDIC): 

Often called Extended 
ASCII, a code that uses 
eight bits to represent 
alphabets, numbers, 
characters, and control 
words. 
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The Gray code, the binary equivalent, and their decimal equiva- 
lent numbers are as follows. 


Gray code Binary Decimal 
0000 0000 - 0 
0001 0001 1 
0011 0010 2 
0010 0011 3 
0110 0100 4 
0111 0101 5 
0101 0110 6 
0100 0111 7 
1100 1000 8 
1101 1001 2 
N 1010 10 
1110 1011 11 
1010 1100 12 
1011 1101 13 
1001 1110 14 
1000 1h 15 


Compare the Gray code to its binary equivalent and observe the changes. 
Notice how the combinations of Os and 1s in the Gray code never change by 
more than one bit between any two consecutive positions. When a number 
increments from 12 to 13, only one bit in the Gray code changes state. 


3.14 Alphanumeric Code 


E 


Letters, numbers, and special symbols are represented by alpha- 
numeric codes. The American Standard Code for Information 
Interchange (ASCII) is a 7-bit code. This alphanumeric code is used 
to represent alphabets, numbers, characters, and control codes in 
computer systems. One hundred and twenty eight (2’ = 128) different 
characters can be represented with the ASCII codes. 

As discussed in Chapter 2, data is often sent in bytes (groups of 
eight bits). When using ASCII, the eighth bit in the one byte of trans- 
mitted data is used for a parity bit. 

Another alphanumeric code commonly encountered in com- 
puter mainframe equipment is the Extended Binary Coded Decimal 
Interchange Code (EBCDIC). This code is an 8-bit code. Therefore, 
two hundred and fifty six (28 = 256) different characters can be rep- 
resented. EBCDIC or commonly called Extended ASCII uses 8-bit 
code, therefore it can represent 256 different alphabets (uppercase 
and lowercase), numbers (1 thru 9), punctuation, control codes, and 
other characters. Regular ASCII uses only 7 bits; therefore, it can cre- 
ate codes for only 128 characters. Table 3-2 contains the ASCII and the 
EBCDIC code. Table 3-3 contains a few of the common control codes 
used in PC computer systems. 
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EBCDIC 4 


HEX Code 
for 7-Bit 


aca aa 


r 
t 
} 
t 


| 


HEX Code | 
for 
EBCDIC | 


HEX Code 

ASCII 

Symbol for 7-Bit : EBCDIC . 
ASCII Symbol 


EX Code 
for 
EBCDIC 


Symbol ASCII Symbol 


EBCDIC — ASCII 
EBCDIC 


Symbol 


HEX Code 


for 7-Bit 
ASCII 


ASCII 
Symbol 
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Table 3-2. The ASCII and EBCDIC alphanumeric codes. 
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et Rew meine Sosy SLES thE OSONA OAE TRAST NAH OE 


SOH Start of heading 
STX Start text DC3 Direct control 3 


ETX End text DC4 Direct control 4 
EOT End of transmission NAK Negative 

ENQ Enquiry acknowledge 
ACK Acknowledge SYN Synchronous idle 
BEL Bell ETB End transmission 
BS Backspace block 


EM End of medium 
SUB Substitute 

ESC TR ESCOPE 

FS Form separator 
GS Group separator 
Record separator 


I EE 
A i+ ce 


LF Line feed 

VT Vertical tab 

FF Form feed 

CR Carriage return 
S 


| 
| 
| 
HT Horizontal tab | CAN Cancel 
| 
| 


Table 3-3. Definitions of control codes. 
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mmary 


The number systems commonly used with PLCs are the decimal 
number system, binary number system, hexadecimal number 
system, octal number system, binary coded decimal system, 
Gray code system, and alphanumeric codes. 


The decimal number system has ten (10) digits running from 
zero (0) through nine (9). 

The value for each digit in a decimal number system depends on 
the position of the digit within the number. 


The binary number system consists of only the numbers zero (0) 
and one (1). 


To convert binary-to-decimal, you must first convert each bit to its 
equivalent decimal value and then add all of these decimal values. 


To convert decimal to binary, the repeated division or successive 
division method is used to convert the integer part of a decimal 
number and the repeated or successive multiplication is used to 
convert the fractional part. 


In the binary number system, a carry is generated when the sum 
of two binary bits is equal to two. 


In binary multiplication, when each of the multiplicand’s digits 
have been multiplied by the multiplier digits, all of the numbers 
are added. 


Binary division is very similar to decimal division where the 
divisor can be subtracted from another number called the dividend 
and the subtraction routine continues until the remainder is less 
than the dividend. 
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e The hexadecimal number system is used to display the PLC 
memory map and to carry out the math instructions and is 
created by grouping four binary bits. Hexadecimal numbers 
have a base of 16, require fifteen digits, and use the numbers 
zero (0) through nine (9) for the first ten digits and ten (10) 
through fifteen (15) are represented by letters A through F. 


e The octal number system is used to display the memory maps 
and carry out the math instructions in smaller PLCs. The octal 
number system has a base of eight and only the digits zero (0) 
through seven (7) are present. 

e BCD is constructed by grouping 4-bit binary numbers, however, 
in BCD, only digits zero (0) through nine (9) are valid. 

e Inthe Gray code system, only one digit changes state (turns on 
or off) as a number increments or decrements. 

e Letters, numbers, and special symbols are represented by 
alphanumeric codes. The American Standard Code for Information 
Interchange (ASCII) is a 7-bit code used to represent alphabets, 
numbers, characters, and control codes in computer systems. 


The Extended Binary Coded Decimal Interchange Code 
(EBCDIC) is an 8-bit code that represents 256 different alphabets 
(uppercase and lowercase), numbers (1 thru 9), punctuation, 
control codes, and other characters. 


Ri Review Questions 
== 1, Find the maximum decimal values for the following groups of 
binary bits (the value if all bits in the group are 1). 
A. 4-bit (called a nibble) 
B. 8-bit (called a byte) 
C. 16-bit (called a word) 
D. 32-bit (called a double-word) 
E. 64-bit (called a quad word) 
2. Convert the following binary numbers to decimal numbers. 
A. 1101.11 
B. 10011101.01 
C. 101101100101.101 
D. 1010110011101110.001 
3. Convert the following decimal numbers to binary numbers. 
A 25 
B. 3.625 
C. 65 
D, 25125 
E. 217.00125 
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. Add the following binary numbers. 


A. 1100 + 1111 
B. 11000111 + 11000000 
C. 10101011 + 11110011 


. Perform the following binary subtractions. 


A. 1100 — 1001 
B. 10001100 — 10000101 
C. 11100011 — 10101010 


. Multiply the following binary numbers. 


A. 10101 x 1011 

B. 11011100 x 10101111 

Solve the following division problems. 
A. 11000111 + 1010 

B. 10101111 + 1111 


8. Convert hexadecimal number AB12, to its decimal equivalent. 


IDs 


13. 


14. 
IS. 


. Convert hexadecimal number 15CD.A2, to its binary equivalent. 
10. 


Convert binary number 110111.00111 to its hexadecimal 
equivalent. 


. Convert the following decimal numbers to octal numbers. 


A 2 

B. 127 

C 25 

Convert the following binary numbers to octal numbers. 
A. 110111 

B. 1111000111.01 

C. 1000111001.1 

D. 1110011100.0110 

Convert the following binary numbers to BCD numbers. 
As M 

B. 1110 

C. 10000 

D. 100010 

E. 100110 

Write your first name in the ASCH code. 

Write your last name in the EBCDIC code. 
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ai Technical Terms 


discrete input devices float switches electrostatic ultrasonic 
normally open (NO) foot switches sensors 
normally closed (NC) limit switches piezoelectric ultrasonic 
momentary pushbuttons proximity switches sensors 
(spring-loaded pushbuttons) light-emitting diode (LED) Radio Detection and 
locked-position pushbuttons phototransistor Ranging (RADAR) sensors 
(latch pushbuttons) proximity sensors relay 
temperature switches inductive sensors solenoid 
pressure switches capacitive sensors overload relays 
liquid level switches hall effect sensors temperature overload relay 
flow switches ultrasonic sensors magnetic overload relay 


n, Learning Objectives 


After completing this chapter, you will be able to: 
Identify the electrical symbols for various switches. 

e Describe the operation of proximity, Hall effect, ultrasonic, and 
RADAR sensors. 

e Name the common indicators used in PLC systems. 

e Explain the purpose of using indicators in a PLC system. 

e Explain the difference between a power relay and a control relay. 

e Describe the operation of a relay. 

e Describe the operation of a solenoid. 

e Name the two major types of motor control devices. 

e Name two types of overload relays. 

e Explain the difference between temperature and thermal 
overload relays. 67 
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Discrete input devices: 


Switches or pushbuttons 
that either block or 

allow the flow of electric 
current. 


Normally open (NO): 


Normally open switch 
or pushbutton. When 
closed, the switch or 
pushbutton will turn on. 


Normally closed (NC): 


Normally closed switch 
or pushbutton. When 
opened, the switch or 
pushbutton will turn off. 


q 4.1 Introduction 


PLC control of an output device makes it possible, in its simplest 
form, to turn on or off a circuit or electromechanical device. It may 
also be possible to increase or decrease the circuit output, such as the 
speed or torque of a motor. The PLC’s decision to remove or decrease 
output versus to apply or increase output is based on input parameters 
such as temperature, pressure, and humidity. Other input data might 
be the number of parts available or at what time output is required. 
Therefore, this chapter discusses the most common input and output 
devices used with PLCs. 


gi 4.2 Pushbuttons and Switches 
£ 


Pushbuttons and switches, also called discrete input devices, are 
independent devices that either allow or disallow electric current to 
flow through them. Their state can be physically changed to the ON or 
OFF position. A pushbutton or switch remains in that condition until 
its state is changed. 

Pushbuttons and switches are connected to PLC input ports. Dur- 
ing the ON state, positive voltage is placed on the PLC port. During 
the OFF state, zero voltage is placed on the PLC port. 

The two general types of pushbuttons and switches available in 
industry are normally open (NO) and normally closed (NC). Normally 
open (NO) pushbuttons and switches are always open—until they are 
forced to close. Normally closed (NC) pushbuttons and switches are 
always closed—until they are forced to open. Figure 4-1 displays the 
concept of normally open (NO) and normally closed (NC) switches, 
pushbuttons, and contacts. 


= —— 


Normally open (NO) switch Normally closed (NC) switch 


ao 


Normally open (NO) switch held closed Normally closed (NC) switch held open 
aa oe 
= oae : ; 
Normally open (NO) pushbutton Normally closed (NC) pushbutton 


Kan a —e | o— 
Normally open (NO) pushbutton held closed Normally closed (NC) pushbutton held open 
a 


Figure 4-1. Electrical symbols for normally open (NO) and normally closed (NC) switches and 
pushbuttons. Study the electrical symbols carefully and note the differences between them. 
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Multiple contact pushbuttons and switches are classified by their 
number of poles and throws. Poles are shown in schematics as those 
contacts through which current enters the switch; they are connected 
to the movable contacts. This refers to the number of places in which 
the switch opens or breaks the circuit. Switches can also be classi- 
fied as single-break or double-break switches. Figure 4-2 displays dif- 
ferent manual switch electrical symbols with one or more poles and 
throws. 

Occasionally, two or more pushbuttons or switches need to open 
or close together. These devices are physically connected to each other 
and change their state in unison. Dashed lines between the pushbut- 
tons and switches show this connection. Figure 4-3 displays pushbut- 
tons and switches that change state in unison. 


a 


ews 


Single-pole Single-pole 
Single-throw Double-throw 
Single-break Single-break 
etl. 
A e e 
Single-pole Single-pole 
Single-throw Double-throw 
Single-break Double-break 
rar e 
e e . 
Double-pole Double-pole 
Single-throw Double-throw 
Single-break Double-break 


| e l e 
I ees 

o— 3 e . 
Double-pole Double-pole 
Single-throw Double-throw 
Double-break Double-break 


———— eel 


Figure 4-2. Electrical symbols and descriptions of various 
switches with one or more poles and throws. 
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a za 


Two normally open (NO) pushbuttons connected together —= > o 


Two normally closed (NC) pushbuttons connected together —o lo» ["o — 


p= 


Normally open (NO)/normally closed (NC) pushbuttons connected together | 


Normally open (NO)/normally closed (NC) switches connected together N 


Figure 4-3. The dashed lines in these electrical symbols indicate that the input devices change state 


at the same time. 


Momentary 
pushbutton: 
Pushbutton that changes 
status from open to 
closed or from closed 

to open. They remain at 
the changed positions as 
long as they are pressed. 
Also called a spring- 
loaded pushbutton. 


Locked-position 
pushbutton: 

Similar to a switch, 

it changes state 
permanently each time it 
is pressed. Also called a 
latch pushbutton. 


Pushbuttons 


Two types of pushbuttons are manufactured for commercial 
use: momentary and locked-position. Momentary pushbuttons, also 
called spring-loaded pushbuttons, change their states from open to closed 
or from closed to open. They remain at the changed positions as long 
as they are pressed. Locked-position pushbuttons, also called latch 
pushbuttons, are similar to switches. They change state permanently 
each time they are pressed. 


Switches 


Switches can be categorized in two general groups: manual and 
automatic. Manual switches require an operator to change their state. 
An automatic switch is a switch that is controlled by a mechanical or 
electrical device. You do not have to turn an automatic switch, such 
as a thermostat, on or off manually. A thermostat will turn a furnace 
or air conditioner on or off by responding to a temperature level in 
the room. Limit switches, which sense some limit such as fluid level, 
mechanical movement, pressure, or presence of an object, are auto- 
matic switches. 

Switches are designed to work in harsh environments such as 
extreme high or low temperature or pressure conditions. Industrial 
switches may be exposed to extreme humidity, splashing liquid, gas 
or liquid immersion, dust, vibration, and high electrical noise. 
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Several types of switches are available for use in relay logic con- 
trol circuits. The electrical symbols for some frequently used switches 
and their electrical symbols are displayed in Figure 4-4. 

Temperature switches are used for detecting a specific pre- 
set temperature. For temperatures above the set point, the normally 
open temperature switch closes and the normally closed temperature 
switch opens. Temperature switches use vapor pressure technology 
to sense changes in temperature. The typical repeat accuracy of an 
Allen-Bradley temperature switch is +2° F. Temperature switches offer 
many features and modifications, allowing them to be used in a vari- 
ety of applications and environments such as ovens, coolants, and die 
temperatures. 

Pressure switches are used to detect low and high pressure in 
hydraulic and pneumatic systems. 

Liquid level switches are generally used to detect the liquid level 
in a chemical tank or water well. A liquid level switch is placed at a 
specific height within a tank or well. Then, for the liquid levels above 
the set point, the normally open liquid level switch closes and the nor- 
mally closed liquid level switch opens. 


al 


—Q ©-— Pushbutton 


switch 


= | OF Double 


l 
oio ë contact 


—Q) © pushbutton 


© Flow switch 
= lo 


Two-position 
i 
O-— Float or i selector 
o levelswitcth —O ©- switch 


36, E= “E” stop switch 


©— Limit switch 
NO 


O— Temperature 
switch 


© — Pressure or or mushroom 
vacuum head NC 
switch 
À Proximity 
n Foot switch switch 


Figure 4-4. Electrical symbols for some common switches. 
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Temperature switch: 
Switch that opens or 
closes for a preset 
temperature. 


Pressure switch: 


Switch used to detect 
low and high pressure in 
hydraulic and pneumatic 
systems. 


Liquid level switch: 
Switch that opens or 
closes when the liquid 
level in the reservoir tank 
reaches a preset level. 
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Flow switch: 

Switch that opens or 
closes for a preset flow 
rate of liquid or gas 
through a pipe. 

Float switch: 

Switch used to open 
and close contacts in 
response to changes in 
liquid level. 


Foot switch: 
Foot-operated switch 
placed in factory 
environments in which 
workers are using both 
hands. 


Limit switch: 

Switch that opens or 
closes when an object 
contacts the handle of 
the switch. 


Proximity switch: 
Switch that consists 

of a light-emitting 
diode (LED) anda 
phototransistor. It opens 
or closes a circuit when 
the presence of an 
object is detected. The 
object breaks the path 
of the beam of light 
between the LED and 
the phototransistor. 


Light-emitting 

diode (LED): 

A diode device that 
emits light when forward 
biased. When the LED is 
forward biased (current 
flows through it), some 
of the electric energy is 


converted to light energy. 


Phototransistor: 
Device that allows 
current to flow from its 
collector to the emitter 
when a beam of light 
strikes its base. 


Flow switches are set to detect specific flow rates. For flow rates 
above the set point, the normally open flow switch closes and the nor- 
mally closed flow switch opens. Flow switches are generally placed 
in pipes and in the heating, ventilation, and air conditioning (HVAC) 
air ducts. 

Float switches are used to open and close contacts in response 
to changes in liquid level. Float switches are used in water treatment 
plants, wastewater treatment plants, and storage tanks. 

Foot switches can be used as emergency or contact switches. 
They are placed in factory environments in which workers are using 
both hands. 

Limit switches and proximity switches are used to detect parts in 
a process or manufacturing system. The limit switches are physically 
touched by the part. They open or close when objects, such as moving 
parts on a conveyor, physically hit their actuator, which is projected 
outward. A limit switch consists of an actuator that is mechanically 
linked to a set of contacts. When an object comes into contact with the 
actuator, the device operates the contacts to make or break an electri- 
cal connection. Limit switches are used in a variety of applications for 
detecting the presence of parts. 

Proximity switches use a light-emitting diode (LED) and a pho- 
totransistor. The light-emitting diode is the transmitter that gener- 
ates an infrared light beam. The phototransistor is the receiver that 
detects the presence of the light beam. The switch is triggered when 
the light beam is interrupted by the objects placed in the light beam’s 
path. Figure 4-5 shows a photo-based proximity switch. 

Light transmitters and receivers for a proximity switch can be 
placed in two separate housings or be packaged in a single hous- 
ing unit. When they have a separate housing, they are placed on the 
opposite sides of a conveyor. When they are in a single housing unit, a 
reflector is placed on the opposite side of the conveyor. Figure 4-6 dis- 
plays two types of proximity sensors and their application for detect- 
ing parts in a process control system. In both cases, the light beam is 
interrupted by the moving parts. 


t 4.3 Sensors 


Electronic sensors are used in PLC control systems to detect 
changes in the environment and industrial settings. There are sensors 
in the market that can emulate the five human senses and convert the 
changes to electronic signals. Table 4-1 shows a partial list of compari- 
son of human senses and electronic sensors. Signals from these sensors 
are modified by electronic signal conditioning circuits prior to input to 
the PLC devices. Electronic conditioning circuits consist of integrated 
circuits (ICs) and operational amplifiers (op amps). Figure 4-7 illus- 
trates one example of how a sensor is used in a PLC control system. 
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Figure 4-5. A photo-based proximity switch. (Siemens) 


Receiver 
Infrared light beam 


Conveyor 


Parts Transmitter 


Reflector 
Infrared light beam 


Conveyor 


Parts Transmitter/Receiver 


Figure 4-6. Use of proximity sensors to detect a part on a conveyor. 


Electronic sensor output in its simplest form provides logic high 
or low output. This two-state sensor signal can then be sent to the 
discrete PLC input ports to signal the existence of an object or normal 
operating environment for the system. The signal from electronic sen- 
sors can also provide a range of current or voltage levels. This type 
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Human Senses Environmenta 


Loudness of sound, high and Microphone, sonic level sensor, and 
low tones, and vibrations | wave level sensors 


Temperature, pressure Proximity sensor, thermometer 
humidity, and contact vibration sensor, electrostatic sensor, 
| and electromagnetic sensor 


se 


Sugar level measurer and temperature | 
sensors 


Table 4-1. Comparison of human senses and electronic sensors. 


Detects the presence of 
an object 


Determines if the conveyor 
must start or stop 


Conveyor starts or stops 


Figure 4-7. Basic operation of a sensor in a PLC system. 


of signal is sent to the analog-to-digital converter (ADC) chip on the 
variable PLC input port. Varying digital numbers are then used for 
more advanced PLC instructions such as the Proportional Integral 
Derivative (PID) instruction. There are several textbooks available in 
the market on instrumentation and sensor topics. In this chapter, we 
will briefly describe a few of the more commonly used sensors in a 
PLC control system. 


Proximity Sensors 


Proximity sensor: P eee aes aioe: : 
fF a 
Sancor een eats oximity sensors, similar to limit switches, can detect the exis- 


E a le tence of an object. The difference is that an electronic signal is used 
object. with the proximity sensor to detect an object. Therefore, the object 
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does not have to be touched. Proximity sensors can only have a state 
that is either true or false. They can either be inductive-, capacitive-, or 
optical-type sensors. 


Inductive Sensors 


Inductive sensors detect the presence of currents induced by 
magnetic fields to detect nearby metallic objects. This phenomenon 
was proved by Faraday in the 1800s. An inductive sensor uses a coil 
to generate a magnetic field. If there is a moving metal object near the 
magnetic field, current will flow into the object. This current flow in 
the object will in turn generate another magnetic field that opposes 
the original magnetic field, Figure 4-8. This results in a change of 
inductance value of the coil in the sensor. The change of a coil’s induc- 
tance can be interpreted to see if the object is within close proximity of 
the sensor. Note that the induced current in the object depends on the 
type of metal within that object. Therefore, these sensors can be used 
to detect multiple types of metals and send different signal levels. The 
signals are sent to the PLC through its variable input port. Figure 4-8 
illustrates the operation of an inductive sensor. 


Capacitive Sensors 


Capacitive sensors detect an object through the change in the 
sensor's dielectric. The capacitance value of a capacitor is directly pro- 
portional to the plate area and dielectric constant used between the 
plates. The capacitance is also inversely proportional to the distance of 
the plates. This is illustrated by the following formula: 


(8.85 x 10°”) A xk 
C= — i 


In capacitive sensors, the area of the plates (A) and the distance 
(d) between them are fixed. However, the dielectric constant (k) of the 
space around them varies as different materials are brought near the 


Proximity of metal 
object changes 
inductance value in the 
sensor's Coil 


Figure 4-8. Inductive sensor operation. 
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Inductive sensor: 
Sensor that detects the 
presence of currents 
induced by magnetic 
fields to detect nearby 
metallic objects. 


Capacitive sensor: 
Sensor that detects 

an object through the 
change in the sensor’s 
dielectric. 
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sensor. The dielectric k is a constant value that depends on the mate- 
rial used to isolate the capacitor plates. An oscillator is used to gener- 
ate the electric field to determine the capacitance of the plates. Notice 
that unlike the inductive sensor, the moving object does not have to be 
metallic to be detected by the capacitive sensor. Figure 4-9 illustrates 
the operation of a capacitive sensor. 


Optical Sensors 


Optical sensors can use visible, ultraviolet, infrared, or laser lights. 
Modern optical sensors are very sophisticated and can even detect the 
type of object according to the intensity of the reflected light from the 
object’s surface. Optical sensors require both an emitter to generate 
the light beam and a detector. Figure 4-10 illustrates the operation of 
a basic optical sensor. 

Emitters are used to generate light beams in the visible and invis- 
ible spectrums using light-emitting diodes (LEDs) and laser diodes. 
Detectors are typically built with photodiodes or phototransistors. 
Notice that the emitter and detector in Figure 4-10 are positioned to 


Capacitive sensor measures the 
distance between the object 
and the sensor 


Electric field 


Figure 4-9. Capacitive sensor operation. 
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Figure 4-10. Optical sensor operation. 
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detect an object when it blocks the light beam. You can mount the 
emitter and detector on opposite sides of a conveyor or on the same 
side of a conveyor if a reflector is used on the opposite side. 


Hall Effect Sensors 


Hall effect sensors are basically semiconductor devices (transis- 
tors) that can be switched by magnetic fields. Their applications are 
very similar to those of reed switches and relays, but because they are 
solid state, they tend to be more rugged and resist vibration. Auto- 
mated machines often use these to complete the initial calibration and 
then detect end stops. 

In reed switches and relays, contacts are closed or open due to 
magnetic pull. A relay’s magnetic push or pull is produced by a wired 
coil that is energized. The reed switch’s operation is similar to a relay’s 
operation, except a permanent magnet instead of a wire coil is used 
to produce the magnetic push or pull. When the magnet is far away, 
the switch is open, but when the magnet is brought near, the switch 
is closed. Figure 4-11 illustrates how an open switch is closed when a 
permanent magnet is brought near the switch. 


Ultrasonic Sensors 


Ultrasonic sensors produce sound above the normal human 
hearing threshold of 16 kHz and use this sound to detect the distance 
to an object. The time that is required for the sound to travel to the 
target and reflect back is proportional to the distance to the target. 
Ultrasonic sensors are relatively accurate for short distances and are 
economical. 


Figure 4-11. Reed switch. 
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Hall effect sensor: 
Semiconductor device 
(transistor) that can be 
switched by magnetic 
fields. 


Ultrasonic sensor: 
Sensor that produces 
sound above the normal 
human hearing threshoid 
of 16 kHz and uses this 
sound to detect the 
distance to an object. 
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Electrostatic 
ultrasonic sensor: 

A sensor that uses 
capacitive effects where 
a short sound wave is 
transmitted to hit an 
object. 


Piezoelectric 
ultrasonic sensor: 

A sensor that 

works using charge 
displacement strain on 
crystal lattices where a 
reflected sound wave 
hits a crystal and the 
crystal produces a small 
AC voltage signal. 


Radio Detection 

and Ranging 
(RADAR) sensor: 
Sensor used to detect 
metallic objects where 
there are several cycles 
of high-frequency waves 
transmitted into the 
environment and the 
reflection is picked up 
via a receiver. 


Two commonly used ultrasonic sensors are electrostatic and 
piezoelectric types. Electrostatic ultrasonic sensors use capacitive 
effects. A short sound wave is transmitted to hit an object. The fre- 
quency of the sound wave is typically limited to around 50 kHz. The 
reflected wave from the object then hits the back of the movable plate 
of a capacitor. The movement of this capacitor plate changes the capac- 
itance, and this change is measured. Electrostatic ultrasonic sensors 
have longer ranges and wider bandwidths than piezoelectric ultra- 
sonic sensors, but are more sensitive to factors such as humidity. 

Piezoelectric ultrasonic sensors work by charge displacement 
strain on crystal lattices. When the reflected sound wave hits a crys- 
tal, the crystal produces a small AC voltage signal. This signal is then 
measured. The frequency of the sound wave can be up to 1 MHz. 
These sensors are rugged and inexpensive and can be very effec- 
tive for applications such as fluid levels in tanks and crude distance 
measurement. 


RADAR Sensors 


Radio Detection and Ranging (RADAR) sensors are used to 
detect metallic objects. Several cycles of high-frequency waves are 
transmitted into the environment and the reflection is picked up via 
a receiver. The speed of traveling waves is too fast to use RADAR in 
factory for object detection. 


Cameras and Object Recognition Software 


A moving camera can be used to record the image of an object 
at different locations and to save the images in a computer. First, the 
camera records the image of an object, and then the camera is moved 
to the other sides of an object to record the image points. These images 
are then used by a computer’s object recognition software to identify 
the type of object and its possible defects. A moving camera technique 
is commonly used for quality assurance in a manufacturing plant. 


gi 4.4 Indicators 


Indicators such as pilot lights, ammeters, and voltmeters are used 
to help an operator to visually inspect the operation of an output device. 
Different colored pilot lights such as red, green, and yellow lights visu- 
ally show each stage or operating condition of an output device. For 
example, a red light being on may indicate over-temperature, while a 
green light being on indicates an acceptable operating condition. Volt- 
meters and ammeters are typically used for measuring and recording 
the input voltage and current to a large motor. For example, in a city 
water pump station, voltmeters and ammeters are used to make sure 
that 1000 hp motors are not operating with undervoltage or overcurrent 


condition. These abnormal operating conditions will eventually dam- 
age the motors. 
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Ht Relays, Contactors, and Solenoids 


A relay is a device that acts on the same basic principle as the reed Relay: 
switch. The difference between a relay and a reed switch is that a relay 5 device we ugg a al 
uses a coil to generate a magnetic effect. The magnetized or demagne- am "3 pre 2 am 
tized coil causes the relay’s contacts to either close or open. Multiple the relay’s contacts. 
pole relays can be used to control several contacts and circuits at once. 
Relays are electrically-operated control switches and are classified 
according to their use as power relays or control relays. Power relays 
are often called contactors. Control relays are usually known simply as 
relays. 
A contactor uses a relatively small amount of electrical power to 
control the switching of a large amount of power. Figure 4-12 shows 
how a contactor is used to control power in heavy power cables that 
are run to motors and other power devices. Only lightweight control 
Wires are connected from the control switches to the relay coil. Safety 
is also an important reason for using power relays, since high-power 
circuits can be switched remotely without danger to the operator. 
Control relays are typically used in the control of low-power cir- 
cuits or other relays. In automatic relay circuits, a small DC voltage 
sets off a chain reaction activating relays. These relays then perform 
various functions. 
In general, a relay consists of a magnetic core and its associated 
coil, contacts, spring, armature, mounting, and terminals. Figure 4-13 
illustrates the construction of a relay. The relay coil is energized by 
applying DC voltage to the coil terminal. The flow of current through 
the coil creates a strong magnetic field. This magnetic field pulls the 
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Figure 4-12. A contactor used to control power in heavy power cables. 
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Contacts Armature 


Spring 


Armature 
terminal or 
Normally Normally x common 
closed open 
(NC) terminal (NO) terminal Coil terminals 


Figure 4-13. Construction of a relay. 


armature downward to contact C1, completing the circuit from the 
common terminal to C1. At the same time, the circuit to contact C2 
is opened. Figure 4-14 shows the electrical symbols used to depict 
relays. 

Figure 4-15 shows a few relays designed for heavy-duty indus- 
trial applications. 

Solid-state relays, similar to Hall effect switches, use transis- 
tors that can be switched on in the presence of a magnetic field. The 


Relay coil 
Cr 
Normally open relay contact 
CR 


—— 


Normally closed relay contact 


Figure 4-14. Electrical symbols that represent the coil and 
contacts of a relay. 
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switching design of the solid-state relay uses no moving parts or con- 
tacts that can wear out. This is one of the reasons they perform well in 


a variety of harsh environments. Figure 4-16 displays four solid-state 
relays (SSRs). 


Figure 4-16. Four solid-state relays (SSRs). (Siemens) 
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Solenoid: 

An electromechanical 
valve used to control 
liquid flow. 


A solenoid is a control device that uses electromagnetism to convert 
electrical energy into mechanical motion. The movement of the solenoid 
may be used to close a set of electrical contacts, cause the movement of 
a mechanical device, or both at the same time. Figure 4-17 shows a cut- 
away diagram of a solenoid. 

A solenoid’s operation is similar to a relay’s except that inserted 
within the solenoid coil is a soft-iron core and a movable plunger. 
The core is pulled and pushed by the magnetic field and the solenoid 
spring. When voltage is applied, the current through the coil produces 
a magnetic field. This magnetic field draws the plunger within the 
coil, resulting in mechanical motion. When the coil is de-energized, 
the plunger returns to its normal position because of the spring action. 
One commonly used application of a solenoid is to open and close a 
valve to control the flow of a liquid or gas. The solenoid is represented 
by the electrical symbol shown in Figure 4-18. 


#46 Motor Control Devices 


Two major types of motor control devices are motor starters and 
motor drives. A motor starter simply turns a motor on and off. It typi- 
cally incorporates a motor protective device to protect the motor from 
low voltage, high temperature, and overload (high load current) con- 
ditions. A motor drive controls the operation of a motor such as veloc- 
ity, acceleration, and deceleration. 


Soft iron 
core 


Figure 4-17. Cutaway view of solenoid. 
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Figure 4-18. Electrical symbol for a solenoid. 
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Motor Starters 


Motor starters have two main sections: contactors and overload 
protection. The contactors and overload protection may be built into a 
single unit or joined together as modules. Figure 4-19 shows the two 
main sections of a motor starter and one example of how they can be 
wired to a PLC output module and a motor. 

The contactors are controlled by the motor starter coil. The coil is 
placed in series with the normally closed (NC) overload contactor. The 


PLC output module Step-down 
transformer 


L3 


Contactors 


Motor starter 


a ee ee ed ied 


Overload 
protection 


3-phase 
motor 


Figure 4-19. Motor starter and wiring example. 
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Overload relay: 

Relay that is placed in 
series with power lines of 
motors to detect excess 
motor current. 


Temperature 
overload relay: 

Relay in which an 
overcurrent is detected 
through the excessive 
temperature rise 
generated by the line 
current. Also called a 
thermal overload relay. 


Magnetic 

overload relay: 

Relay in which the 
overcurrent is detected 
using the magnetization 
the line current 
generates. Magnetic 
overload relays have 
faster response time, but 
are more expensive than 
temperature overload 
relays. 


line terminals connect to the motor starter contactors. When the coil 
is energized by the control signal from the PLC output module, the 
coil energizes and closes the contacts. Thus, voltage is applied to the 
electric motor, and the motor starts. 

The overload protective devices in the motor starter are called 
overload relays. They are placed in series between the contacts and 
the motor and are used to detect excess motor current. The overload 
relay contact opens when excess current is detected, breaking the motor 
starter coil circuit, and thus opening the motor starter contactors. 

Two types of motor overload relays are available in industry: 
temperature overload relays and magnetic overload relays. The 
temperature overload relay, also called a thermal overload relay, detects 
over current through the rise in excessive temperature generated 
by the line current. The magnetic overload relay, detects over cur- 
rent through the magnetization the line current generates. Magnetic 
overload relays have faster response time than temperature overload 
relays, but they are more expensive. Temperature overload relays are 
used in most motor control systems. Figure 4-20 displays the electrical 
symbol for a temperature motor overload relay coil and contact. 


Motor Drives 


Motor drives draw electrical energy from the mains and supply 
the electrical energy to the motor at whatever voltage, current, and 
frequency necessary to achieve the desired torque and speed output. 
They are also used to provide a “soft start” for the motors when a 
motor starts from standstill and is ramped up slowly to the operat- 
ing speed. It can also be used to bring the motor to standstill from 
the operating speed. This is accomplished by slowly decelerating the 
motor just like it is accelerated during “soft start.” 

Motor drives are also used for “plugging” applications where the 
motor is to reverse its direction of rotation. In this case, the motor is 
decelerated down to zero speed and then the direction of field current 
flow is reversed and it is increased so that the motor accelerates to its 
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Figure 4-20. Electrical symbol for an overload relay coil and contactor. 
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operating speed. Note that a motor starter may also be used to accom- 
plish these tasks. However, a motor starter, unlike a motor drive, is 
used for applications when operating speed is constant. 


pi Summary 
e Two types of pushbuttons manufactured for commercial use are 
momentary and locked-position. 


e Manual switches require an operator to change their state 
whereas an automatic switch is controlled by a mechanical or 
electrical device. 


e Some common switches used in relay logic control circuits are 
temperature, pressure, liquid level, flow, float, foot, limit, and 
proximity. 

e Temperature switches detect a specific preset temperature. 


e Pressure switches detect low and high pressure in hydraulic and 
pneumatic systems. 


e Liquid level switches detect the liquid level in a chemical tank or 
water well. 


e Flow switches are set to detect specific flow rates. 

e Float switches are used to open and close contacts in response to 
changes in liquid level. 

e Foot switches are used in factory environments as emergency or 
contact switches. 

e Limit switches are physically touched by a part to detect parts in 
a process or manufacturing system. 

e Proximity switches use a light-emitting diode and a 
phototransistor to detect the presence of the light beam. 

e Proximity sensors detect the existence of an object. 

e Inductive sensors detect the presence of currents induced by 
magnetic fields to detect nearby metallic objects. 

e Capacitive sensors detect an object through the change in the 
sensor's dielectric. 

e Optical sensors can use visible, ultraviolet, infrared, or laser lights. 

e Hall effect sensors are semiconductor devices that can be 
switched by magnetic fields. 

e Ultrasonic sensors use sound above the normal human hearing 
threshold of 16 kHz to detect the distance to an object. 

e Radio Detection and Ranging (RADAR) sensors are used to 
detect metallic objects. 

e Indicators, such as pilot lights, ammeters, and voltmeters, are 
used to help an operator visually inspect the operation of an 
output device. 
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e Acontrol relay is typically used in the control of low-power 
circuits or other relays, whereas a power relay uses a relatively 
small amount of electrical power to control the switching of a 
large amount of power. 


e A relay uses a coil to generate a magnetic effect, whereas a 
solenoid uses electromagnetism to convert electrical energy into 
mechanical motion. 


e The two main sections of motor starters are contactor and 
overload protection. 


e The two types of motor overload relays are temperature and 
magnetic. 


e Ina temperature overload relay, the overcurrent is detected 
through the rise in excessive temperature generated by the line 
current. 


e Ina magnetic overload relay, the overcurrent is detected through 
the magnetization the line current generates. 


ŝi Review Questions 
i 1. Describe the functions of normally open and normally closed 
switches. 


2. What is the difference between a momentary pushbutton and a 
locked-position pushbutton? 


3. What is the difference between manual and automatic switches? 
4. Describe the operation of a relay. 
5. Describe the functions of the following input devices. 
A. Limit switch 
B. Proximity switch 
C. Temperature switch 
D. Liquid level switch 
E. Flow meter switch 
F. Pressure switch 
6. Describe the functions of the following sensors. 
A. Proximity sensor 
B. Inductive sensor 
C. Capacitive sensor 
D. Optical sensor 
E. Hall effect sensor 
7. Why are voltmeters and ammeters used in an industrial control 
system? 


8. In a motor starter, what happens when the coil is energized by 
the control signal? 


9. What types of overload relays are available? Describe them. 
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Creating Relay Logic Diagrams 


i Chapter Outline 
5.1 Introduction 
5.2 Relay Logic Diagrams 


5.3 Rules for Drawing Relay Logic Diagrams 
5.4 Creating Relay Logic Diagrams for Industrial Control Circuits 


i Technical Terms 
E 


relay logic diagram rung 
PLC ladder logic diagram (ladder diagram) relay coil 
rails contact 


gj Learning Objectives 


è: After completing this chapter, you will be able to: 


e Use symbols to represent different types of input and output 
devices. 

e Create relay logic diagrams using the standard relay logic rules. 

e Place comments on relay logic devices using the standard rules. 


e Create relay logic circuits for process and industrial control 
problems. 


85.1 Introduction 
È 


A relay logic diagram illustrates the method by which an indus- 
trial control system operates. There are standard rules that should be 
followed when creating relay logic diagrams. Several standard sym- 
bols or legends are used to draw relay logic circuits. 

In this chapter, you will learn the correct method of drawing relay 
logic diagrams. Finally, you will learn how to draw relay logic circuits 
for a control problem. 


+ 5.2 Relay Logic Diagrams 


=: Relay logic diagrams are created to show the logical relationship Relay logic diagram: 
between devices. Relay logic diagrams are sometimes called elementary eet ciate 
diagrams, line diagrams, or relay ladder logic (RLL). In this chapter, we will between devices. 


use the term relay logic diagram to describe the ladder logic diagram. 
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PLC ladder logic 


diagram (ladder 
diagram): 

The program loaded into 
the programmable logic 
controller. This program 
defines the operation to 


be performed by the PLC. 


Rails: 

Two vertical lines labeled 
L1 and L2 that connect 
the rungs of a PLC 
diagram. 

Rung: 

Horizontal line in a relay 
logic diagram that has 
input devices and an 
output device. 


Relay coil: 

Device that, when 
energized, opens 
associated normally 
closed contacis and 
closes normally open 
contacts. 


Contact: 

Device that opens and 
closes corresponding 

to the state of its 
associated relay coil. A 
normally open contact is 
closed when its relay coil 
is energized. A normally 
closed contact is opened 
when its relay coil is 
energized. 


Relay logic diagrams are very important because they show the 
symbols for different input and output devices. The first step in cre- 
ating a program for a PLC is creating the relay logic diagram. After 
the relay logic diagram is drawn, it is then converted to a PLC ladder 
logic diagram, often called a ladder diagram. The ladder diagram is 
used to program the programmable logic controller (PLC). The pro- 
gram defines the operations to be performed by the PLC. 

Figure 5-1 displays a simple example of a relay logic diagram that 
uses two normally open switches (SW1 and LS1) and one normally 
open pushbutton (PB1). Three discrete input devices are connected in 
series with a motor starter. 

Typically, 120 VAC, 24 VDC, or 12 VDC will be the voltage between 
the two rails, labeled L1 and L2 in the figure. In general, L1 represents 
the supply terminal and L2 represents the common terminal. 

Current in the relay logic circuit of Figure 5-1 can flow to the elec- 
tric motor or motor starter when all three input devices are closed. 
Current to the motor causes the motor to turn on. Each row in the 
relay logic diagram is called a rung. A relay ladder diagram can have 
more than one row. 

Figure 5-2 illustrates how a relay coil and contacts are used in 
a relay ladder logic diagram to control a solenoid. When pushbutton 
one (PB1) is pressed, the relay coil (CR) is energized and causes con- 
tacts CR-1 and CR-2 to close. Closed CR-1 contact seals or locks the 
coil CR so that it stays energized. Closed CR-2 causes the solenoid to 
be energized. When the normally closed (NC) limit switch (LS1) is 
opened, the relay coil is turned off, and contacts CR-1 and CR-2 are 
opened. Opening the CR-2 contact disables the solenoid (SOL). 

Note that CR represents the coil and CR-1 and CR-2 represents the 
contacts associated with the coil labeled CR. The CR1 and CR2 labels 
are used if there is more than one coil in the relay logic diagram. Then, 
the contact will be referred to as CR1-1, CR1-2, CR2-1, CR2-2, and so 
on. Numbers on the right-hand side of rung 1 in Figure 5-2 show that 
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Figure 5-1. A simple relay logic diagram. 
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Figure 5-2. Use of a relay coil and contacts in a relay logic diagram. 


there are normally open (NO) contacts on rung 1 and 2 that are related 
to CR-1. A bar underneath a number indicates the contact is normally 
closed (NC). l 

A relay logic circuit can have several relay coils and contacts. 
Figure 5-3 displays two relay coils and four contacts. When the 
relay coil CR1 is energized, the normally open contact CR1-2 closes 
energizing CR2, and the normally closed contact CR1-1 opens turn- 
ing off the red pilot light. When the relay coil CR2 is energized, the 
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Figure 5-3. Relay coils and their associated contacts. The state of 
the contacts depends on the energized state of the coil. 
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normally open contact CR2-1 closes, turning on the green pilot light 
and energizing the motor. The normally closed contact CR2-2 opens, 
turning off the red pilot light. 

Figure 5-4 displays a relay logic circuit that has two relay coils and 
five contacts. Note that contacts associated with a relay coil can be nor- 
mally open, normally closed, or a combination of both. In Figure 5-4, 
numbers 2, 3, and 4 on the right-hand side of rung 1 specifies that 
there are normally open (NO) contacts with the same addresses as coil 
CR1 in rungs 2, 3, and 4. Numbers 4 with a bar on the bottom and 5 on 
the right-hand side of rung 3 specifies that there are normally closed 
(NC) and a normally open (NO) contacts with the same addresses as 
coil CR2 in rungs 4 and 5. 

When the start switch in Figure 5-4 is closed, coil CR1 is energized. 
Then, three CR1 contacts close. The closing of the first contact CR1-1 
turns on the green light. If the limit switch is closed, the closing of the 
second contact CR1-2 turns on the motor and the red pilot light. When 
the limit switch is open, the motor will not run and the red light will 
not turn on. 


HOS Rules for Drawing Relay Logic Diagrams 


Nine rules are accepted as standard in the control industry for 
creating relay logic diagrams. It is important you learn these rules 
since creating a relay ladder diagram is your first step in program- 
ming a PLC. 


Figure 5-4. Several relay coils and contacts can be present in a relay 
logic diagram. 
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Rule 1. Input devices are placed near the left corner of the rung. 
This means that switches, pushbuttons, and contacts are placed near 
the left corner of each rung. Figure 5-5 displays a correct relay logic 
diagram in which two switches, one pushbutton, and one motor are 
placed in the first rung. In this example, we must close switch one 
(SW1) and two (SW2) and press the normally open pushbutton (PB1) 
to turn the motor on. 

Rule 2. One (and only one) output is placed near the right corner 
of the rung. This means that one output device such as a motor, a pilot 
light, or a relay coil must be placed near the right corner of the rung. 
Figure 5-5 displays a correct relay logic diagram in which the motor 
is placed near the right corner of the first rung. Figure 5-6 displays an 
incorrect relay logic diagram in which the output is in the middle of 
the rung. 


LI L2 
SW] SW2 PB1 
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Figure 5-5. Correct relay logic diagram. Input devices are placed on the 
left side and the output device is on the far right. 


Figure 5-6. An incorrect relay logic diagram. The motor, which is an output 
device, must be placed on the right side. 
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Rule 3. Input devices can be connected in series, parallel, or a com- 
bination of series and parallel. Figure 5-7 displays five input devices 
connected in a combination of series and parallel. In this example, 
when switch one (SW1), switch two (SW2), and pushbutton one (PB1) 
are closed, the motor turns on. Also, when switch one (SW1), switch 
three (SW3), and limit switch one (LS1) are closed, the motor turns on. 
Either or both combinations turn the motor on. 

Rule 4. Output devices cannot be connected in series. Only par- 
allel output devices can be placed in a rung. Compare the incorrect 
relay logic diagram displayed in Figure 5-8, to the correct relay logic 
diagram displayed in Figure 5-9. 
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SW3 


Figure 5-7. Combination of series and parallel 
input devices in a rung. 


Figure 5-8. An incorrect relay logic diagram. 
Output devices cannot be placed in series. 
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Figure 5-9. A correct relay logic diagram in 
which output devices are in parallel. 


The relay logic diagram in Figure 5-9 illustrates that if both switch 
one (SW1) and switch two (SW2) are closed, pressing pushbutton one 
(PB1) will turn on the motor and the red pilot light. 

Rule 5. While input devices can be represented multiple times in 
the relay logic diagram, each output device can only be represented 
once in the diagram. Compare the incorrect relay logic diagram dis- 
played in Figure 5-10 to the correct relay logic diagram displayed 
in Figure 5-11. Notice how the diagram from Figure 5-11 has been 
redrawn so that the input switches have been placed in parallel. Thus, 
the output devices are drawn only once. Switch one (SW1) still appears 
twice, but this is acceptable because it is an input device. 


Figure 5-10. An incorrect relay logic diagram. 
Each output symbol can be used only once. 
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Figure 5-11. A correct relay logic diagram. Only 
one output device symbol is used for each output 
displayed. 


Figure 5-11 illustrates that both the motor and the red light can 
be turned on under two conditions: closing switch one (SW1), switch 
two (SW2), and pushbutton one (PB1) or closing switch one (SW1) and 
switch three (SW3). 

Rule 6. All the input and output devices must be placed horizon- 
tally. This means that no vertically positioned input or output devices 
are allowed ina relay logic diagram. Compare the incorrect relay logic 
diagram displayed in Figure 5-12 to the correct relay logic diagram 
displayed in Figure 5-13. 


Figure 5-12. An incorrect relay logic diagram. 
Switch three (SW3) must be placed horizontally. 
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Figure 5-13. A correct relay logic diagram. Input 
and output devices are placed horizontally. 


The relay logic in Figure 5-13 illustrates that when switch one 
(SW1), switch two (SW2), and switch three (SW3) are closed the red 
pilot light turns on. Also, closing switch four (SW4) alone turns on the 
red pilot light. If SW1, SW2, and PB1 are closed, the motor runs. 

Rule 7. Current in the relay logic diagram must flow from left to 
right. Figure 5-14 displays a correct and an incorrect control process 
flow. When SW1, SW2, and SW4 are closed, the red light turns on. 
Also, when the normally closed pushbutton two (PB2) is not open, 
SW3 and SW4 must be closed to turn on the red light. Finally, if SW3 
and SW5 are closed, the red pilot light turns on. 

The motor operates under two conditions: when SW1, SW2, and 
PB1 are closed and when SW3, PB2, and PBI are closed. 

Rule 8. Diagrams must be numbered and commented correctly. 
Rung numbers are placed on the left side of each rung. The instruction 
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Figure 5-14. Flow process must be from left to right. 
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symbols and comments are placed above the instruction. Rung com- 
ments are placed on the right side of each rung. 

Figure 5-15 displays a relay logic diagram with comments. When 
normally closed PB1 is closed, the green light turns on. Then, closing SW1 
turns on motor one (M1), and closing SW2 turns on motor two (M2). 

Rule 9. The location of each contact associated with a coil can be 
recorded by the right-hand rail near the coil. In Figure 5-16, the nor- 
mally closed contact in rung 2 and the normally open contacts in 
rungs 1 and 3 are associated with M1. 

If normally closed PB1 is closed, then pressing normally open 
PB2 energizes coil M1. When coil M1 is energized, the normally open 
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Turn on motor two 


Green pilot light 


Turn on the green pilot light 


Figure 5-15. Placing rung numbers by the left rail and comments and 
contact location by the right rail. 
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1,2, 3 Turn on M1 


Turn on the green pilot light 


Turn on the red pilot light 


Figure 5-16. Illustrates how to place comments in the relay logic diagram to 
identify contacts’ locations. 
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contact M1 in rung 1 closes to seal or lock the motor operation. Normally 
closed contact M1 in rung 2 opens to turn off the green pilot light. Nor- 
mally open contact M1 in rung 3 closes to turn on the red pilot light. 


HS-4 Creating Relay Logic Diagrams for 
Industrial Control Circuits 


Two steps must be completed to draw a relay logic diagram of an 
industrial control system. In step one, clearly define the control problem. 
This may involve drawing a schematic diagram of the system setup and 
discussing the problem with production and maintenance engineers 
and technicians. In step two, review and follow the nine relay logic dia- 
gram rules discussed in previous sections. This will allow you to draw 
the relay logic diagram. The following examples should be used as a 
guide to familiarize you with creating relay logic diagrams. 


Follow the two steps required to draw the relay logic diagram of 
the following motor control problem. 
Step 1: Define the problem. 

A motor can operate in continuous run mode or in temporary run 
mode also called jog mode. Therefore, in a motor control system, we 
need one stop pushbutton and two run pushbuttons. One pushbut- 
ton is for the continuous run mode of operation. The second one is for 
the temporary run mode of operation. The pushbutton for the con- 
tinuous run mode of operation is labeled “start.” The pushbutton for 
the temporary run mode of operation is labeled “jog.” If we press the 
jog pushbutton, the motor will run as long as we are pressing the jog 
pushbutton, which is equivalent to closing a normally open switch. 
If we press the start pushbutton, the motor will start running con- 
tinuously until we press the stop pushbutton. The red pilot light is on 
whenever the motor is operating. 

Step 2: Draw the relay logic diagram. 

Figure 5-17 displays the relay logic diagram of the motor control 
system. The stop pushbutton is a normally closed pushbutton. When 
the normally open start pushbutton is closed, the relay coil CR1 ener- 
gizes. The normally open contact CR1 closes and seals or locks the 
relay coil. Therefore, the relay coil is energized as long as the normally 
closed stop pushbutton is closed. The normally open contact CR1 
closes and turns the motor and red pilot light on. This is the continu- 
ous run mode of operation for the motor. 

With the motor off, pressing the normally open jog pushbutton 
turns on the motor and the red pilot light. Whenever the jog pushbut- 
ton is released, the motor and the red pilot light turn off. Therefore, 
this represents the jog or temporary run mode of operation. 
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Figure 5-17. Press the start pushbutton for running the motor continuously. 
Press the jog pushbutton for running the motor temporarily. 


Example 5-2 


Follow the two steps required to draw the relay logic diagram of 
the following motor control problem. 
Step 1: Define the problem. 

In a motor control system, one master stop pushbutton (Stop_PB) 
is available for stopping the operation at any time. If the temperature 
switch (TSW) is closed, pressing the red pushbutton (Red_PB) will 
turn on both motors one (M1) and two (M2). If TSW is open, pressing 
Red_PB will only turn on M2. If TSW is closed and the green pushbut- 
ton (Green_PB) is pressed once, M1 will run. Closing the temperature 
switch turns on the white pilot light. 

Step 2: Draw the relay logic diagram. 

Figure 5-18 displays the relay logic diagram of the circuit described 
in the first step. The normally closed stop pushbutton (Stop_PB) is the 
master stop pushbutton. If we press the normally open red pushbut- 
ton (Red_PB), motor two (M2) turns on. If the normally open tem- 
perature switch (TSW) is closed, then pressing the Red_PB will also 
turn on motor one (M1). Also, when TSW is closed, pressing the green 
pushbutton (Green_PB) will only turn on M1. When TSW is closed, 
the white pilot light (White_PLT) turns on. 


Follow the two steps required to draw the relay logic diagram of 
the following motor control problem. 
Step 1: Define the problem. 


Chapter5 Creating Relay Logic Diagrams 
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Figure 5-18. Close the temperature switch to turn on the white pilot light. Then, 
press the red pushbutton to turn on both motors. Press the green pushbutton 
to turn on only motor one (M1). Open the temperature switch and then press 
the red pushbutton to turn on only motor two (M2). 


One motor and one pilot light are to be controlled in a control cir- 
cuit. Use two start pushbuttons and two stop pushbuttons. Pressing 
any one of the start pushbuttons must turn on the motor. Pressing any 
one of the two stop pushbuttons must stop the motor operation. When 
the motor is running, the pilot light must be on. 

Step 2: Draw the relay logic diagram. 

Figure 5-19 displays the relay logic diagram of the circuit described 

in the first step. If we press either the green pushbutton (Green_PB) 
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Figure 5-19. Press either the green pushbutton (PB4) or the red pushbutton 
(PB3) to turn on the motor. Press either one of the stop pushbuttons to turn 


off the motor. 
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or the red pushbutton (Red_PB), the motor will operate. When the 
motor is running, the contact M1 closes and seals or locks the circuit. 
Pressing either stop pushbutton one (SPB1) or the stop pushbutton 


two 


(SPB2) breaks the current path and turns off the motor. When the 


motor is in operation, the red pilot light (Red_PLT) is on. 


ie 


T 


mmary 
Relay logic diagrams show the logical relationship between 
system components. 


Relay logic diagrams are created using the following nine 
standard relay logic rules: 


Rule 1. Input devices are placed near the left corner of the rung. 


Rule 2. One (and only one) output is placed near the right corner 
of the rung. 


Rule 3. Input devices can be connected in series, parallel, or a 
combination of series and parallel. 

Rule 4. Output devices cannot be connected in series. 

Rule 5. Each output device can only be represented once in the 
diagram. 

Rule 6. All the input and output devices must be placed 
horizontally. 

Rule 7. Current in the relay logic diagram must flow from left to 
right. 

Rule 8. Diagrams must be numbered and commented correctly. 


Rule 9. The location of each contact associated with a coil can be 
recorded by the right-hand rail near the coil. 


view Questions 


How many input devices can you place in series in one rung in a 
relay logic diagram? 


- How many output devices can you place in series in one rung in 


a relay logic diagram? 


. What type of device must you place as a last device on a rung of 


a relay logic diagram? 


. Can the same input or output device be used more than one time 


in a relay logic diagram? 
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5. Draw the relay logic diagram for a circuit that operates as follows: 


A. The main switch (MSW) is the emergency stop switch, which 
is normally closed. 


B. When the red pushbutton (PBR) is pressed, the red pilot light 


and motor one (M1) are energized. They will stay on until 
MSW is opened. 


C. When the green pushbutton (PBG) is closed, both white and 
green pilot lights turn on, and motor one (M1) and motor 
two (M2) will run. They will stay on until MSW is opened. 


6. Draw the relay logic diagram for a circuit that operates as follows: 


A. The main switch (MSW) is the emergency stop switch, which 
is normally closed. 


B. When the red pushbutton (PBR) is pressed, the red pilot light 
turns on and stays on until MSW is opened. 
C. When the green pushbutton (PBG) is pressed, white and 
green pilot lights turn on and stay on until MSW is opened. 
7. Draw the relay logic diagram for a circuit that operates as follows: 
A. When switch one (SW1) is closed, the green pilot light turns on. 
B. When switch two (SW2) is closed, the yellow pilot light turns on. 


C. When both SW1 and SW2 are closed, the green and yellow 
pilot lights turn off, and the red and white pilot lights turn on. 
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Rule 2. One (and only one) output is placed near the tight corner of the rung. 


Rule 3. Input devices can be connected in series, parallel, or a combination of series 
and parallel. 


Rule 4. Output devices cannot be connected in series. 

Rule 5. Each output device can only be represented once in the diagram. 
Rule 6. All the input and output devices must be place horizontally. 

Rule 7. Current in the relay logic diagram must flow from left to right. 


Standard relay logic rules for creating relay logic diagrams. 
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PLC Programming 


6.1 Introduction 

6.2 Creating PLC Ladder Logic Diagrams from Relay Logic Diagrams 

6.3 Programming Ladder Logic Diagrams with Normally Open and Normally Closed Switches 
6.4 Programming Ladder Logic Diagrams with Normally Open and Normally Closed Contacts 
6.5 PLC Program Scan Time 

6.6 PLC Program and Data Files 

6.7 Programming Ladder Logic Diagrams with Latch and Unlatch Instructions 

6.8 Loading and Troubleshooting PLC Ladder Diagrams in Run Mode 

6.9 Using PLC Force Instruction for Troubleshooting 

6.10 Creating and Printing PLC Program Reports 

6.11 Using Utility Instructions to Save and Retrieve PLC Programs 


S] 

rung comments input (I) integer (N7) 

immediate input with XIC (examine if closed) bit (B3 and B10) 
mask (IIM) XIO (examine if open) run mode 

immediate output with output (O) online monitor mode 
mask (IOM) status (S2) offline mode 

project tree area timers (T4) online mode 

main program file counters (C5) channel one 

REC project control (R6) channel zero 


subroutine program files 


After completing this chapter, you will be able to: 

e List the rules for creating a PLC ladder logic diagram. 

e Convert a relay logic diagram to a PLC ladder logic diagram. 

e Create ladder logic diagrams when the PLC is in the offline mode. 
e Download PLC ladder logic diagrams and test them on a trainer. 
e Use the force instruction for troubleshooting. 

e Create and print program reports. 

e Save and open ladder diagram project files. 
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È 6.1 Introduction 


A relay logic diagram shows the logical relationships between 
devices. A ladder logic diagram is the program loaded into the pro- 
grammable logic controller. In this chapter, you will learn the correct 
method of drawing ladder logic diagrams. The routine for converting 
the relay logic diagrams to PLC ladder diagrams will be illustrated. 

You will study how to program the Allen-Bradley Small Logic 
Controller (SLC 500) series programmable logic controllers. The 
Rockwell RSLogix 500 software will be used to program the SLC 500 
series PLCs. 

You will also learn how to troubleshoot a PLC system using force 
instruction, create reports, and use the PLC utility software com- 
mands. Throughout the chapter, there are several PLC examples. These 
examples illustrate all the steps required to implement the objectives. 


#62 Creating PLC Ladder Logic Diagrams 
from Relay Logic Diagrams 


Figure 6-1 shows a simple relay logic diagram. In relay logic dia- 
grams, input and output device symbols are used to create the dia- 
gram. In Chapter 5, you learned that there are nine rules accepted as 
standard for creating relay logic diagrams. 

Figure 6-2 shows the PLC ladder logic diagram for the relay logic 
diagram displayed in Figure 6-1. Notice that input and output port 
addresses have been assigned to each input and output device. In relay 
logic and ladder logic diagrams, each row is called a rung. Diagrams in 
Figure 6-1 and Figure 6-2 each have one rung. 

In Figure 6-2, SW1 and SW2 switches and limit switch LS1 are 
connected to input terminals 10, T1, and I2 of the input module zero 
(slot zero). They are therefore labeled 1:O/0, :O/1, and 1:0/2 in the 
ladder diagram. When all three switches are closed, the control relay 
coil is energized. The control relay coil is connected to output port one 
of the output module zero (O:0/0). 

When converting relay logic diagrams to the ladder logic dia- 
grams, one must follow six rules accepted as standard. These rules are 
explained in the following: 

Rule 1. Place a contact in the upper-left corner of the ladder logic 
diagram. (See Figure 6-2). 

Rule 2. Place the coil at the end of the rung. Compare the correct 
diagram in Figure 6-2 with the incorrect diagram in Figure 6-3. 
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L1 L2 


SW] SW2 LS] 
me ==) — 


Figure 6-1. A simple relay logic diagram. 


L1 L2 


1:0/0 1:0/1 1:0/2 0:0/0 


i 


Figure 6-2. The PLC ladder diagram. 


Figure 6-3. Incorrect ladder diagram. Coils must appear at the 
end of the rung. 
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Rung comments: 
Comments that describe 
the operation of the rung 
or rung that follow. 


Rule 3. All contacts must be placed horizontally. No vertical con- 
tacts are allowed. Compare the incorrect diagram in Figure 6-4 with 
the correct diagram in Figure 6-5. 

Rule 4. Outputs cannot be connected in series with other outputs. 
They can only be connected in parallel. See the incorrect ladder dia- 
gram in Figure 6-6. 

Rule 5. Program execution flow must be from left to right. (See 
Figure 6-7). 

Rule 6. Place the rung numbers on the left side of each rung. 
The instruction address and device descriptions are placed above 
the instruction. Rung comments are placed on the top of each rung 
and typically describe the major function of the following rungs. You 
can also specify the location of each contact associated with a coil by 
placing next to the coil the number of the rung the associated contact 
is on. For example in Figure 6-8, the numbers 1, 2, and 3 are placed 
next to the coil for motor #1 to indicate that rungs 1 and 3 contain the 
related normally open contacts and rung 2 contains the related nor- 
mally closed contacts. 


1:0/5 0:0/ 


Figure 6-4. Incorrect ladder diagram. All contacts must be placed horizontally. 


Lī L2 
10/0 1:0/1 1:0/2 


= 


KOO :073 


H 


1:0/4 1:0/5 


| — 


Figure 6-5. Corrected version of diagram from Figure 6-4. 


0:0/1 
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:0/0 


Figure 6-6. Incorrect ladder diagram. Only one output can be connected in 
series with a group of contacts. 


L] L2 


:0/0 m0 


bo 


KOO  1:0/3 |, 


1:0/2 


1:0/4 S 


Red pilot light 


Figure 6-8. Placing comments on the ladder diagram. 
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6.3 Programming Ladder Logic Diagrams 
with Normally Open and Normally Closed 
Switches 


In Chapter 5, you studied how to create the relay logic diagram. 
The next step after constructing the relay logic diagram for a control 
system is to assign addresses to each input and output device. Next, 
the input/output devices are connected to the PLC ports. Then, the 
PLC ladder diagram is created. 

Figure 6-9 displays a relay logic diagram. This diagram states 
that when the normally open switch SW1 is closed, motor M1 turns 
on. When both normally open switch SW1 and normally open limit 
switch LS1 are closed, both the motor and red pilot light R turn on. 

In Chapter 2, you started learning about the Allen-Bradley 
SLC 500 series programmable logic controllers. You will use these 
PLCs to implement the ladder logic programs throughout this text. 
Figure 6-10 displays the input/output connections of an Allen-Bradley 
Fixed SLC 500 PLC device. 

Notice that the Allen-Bradley Fixed SLC 500 programmable logic 
controllers have twelve inputs and eight outputs on only one fixed 
rack (rack or module zero). Table 6-1 illustrates the input/output ports 
assignments. 

When creating a new PLC file, the first step is to select the proper 
PLC processor. For an Allen-Bradley Fixed PLC with twelve 120 VAC 
input and eight 120 VAC output, the processor type is 1747-L20A. We 
will use the Rockwell RSLogix 500 software to create the PLC ladder 
diagram. Figure 6-11 displays the Select Processor Type dialog box. 

Figure 6-12 shows the PLC ladder diagram for the relay logic dia- 
gram displayed in Figure 6-9. The PLC was in the offline program- 
ming mode while the ladder diagram was created. Offline mode is the 
mode where the PLC ladder logic diagram can be created. 


L1 l2 


Figure 6-9. Relay logic diagram. 


Chapter 6 PLC Programming 109 


Input ports Output ports 


+120 V| |Common > 


Pushbutton 
ee HE 


o e= 


Switch 
Aa 


Limit switch 


Ao 


_ Black switch = |: 0/ ] 


- 16-TRIAC Out 
16-RLY Out 
16-TRANS SRC Out 


4 
24-230 VAC In. 
18-115 VAC In, 
18-115 VAC In. 
18-DC SNK In, 
18-DC SNK In, 
18-DC SRC In, 12-TRANS SNK Out 
18-230 VAC In, 12-TRIAC Out 
12-115 VAC In, 8 
12-115 VAC In, 
SNK In. 


Figure 6-11. Select the Fixed PLC type 1747-L20A. 
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i 6.4 Programming Ladder Logic Diagrams 
‘with Normally Open and Normally Closed 
Contacts 


Figure 6-13 displays a relay logic diagram in which an electric 
motor remains energized to operate in a continuous mode. When 
the normally closed stop pushbutton is closed, the green light is on. 
Pressing the start pushbutton turns the motor on. When the motor is 
energized, its associated normally open contact closes. Therefore, the 
motor runs until the stop pushbutton is closed. Also, when the motor 
is energized its associated normally closed contact opens to turn the 
green light off. 


0000 


0001 


Figure 6-12. PLC ladder logic diagram for the PLC logic diagram displayed in Figure 6-9. 


Figure 6-13. Relay logic diagram. 
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The modular Allen-Bradley SLC 503 programmable logic control- 
ler will be used to create the PLC ladder logic diagram of the relay 
logic diagram displayed in Figure 6-13. 

Software allows you to set up the I/O configuration. Figure 6-14 
shows processor type 1747-L532 with a four slot chassis being selected. 
Slot zero is always reserved for the PLC processor. Slot one houses a 
sixteen port 120 VAC input module (see Figure 6-15). Slot two houses 
a sixteen port 120 VAC output module (see Figure 6-16). 


| Select Processus I yne 


W 1747-L532E 5703 - 05302 Series C 
| . 05302 Series C 
08902 
- 085302 
0S301 


OS300 


Micrologix Series 
Micrologix Series 
Micrologixz Series 
Micrologiz Series 


f 170 Confiqwation 


1746-A4 4-Siot Rack 


140 Rack Not Installed 


1 746sc-IB81/IC818-Input Isolated 24748 VDC 
1745-1816 16-Input (SINK) 24 VDC 
1 746-IB32 32Input (SINK) 24 YDC 


0 17471532 5/03 CPU -16K Mem DS300 | AI745/C16 1 6-nput (SINK) 48 VDC 
| 17471532 SG CPUS 6K Mem [74I ABrwAISINK) BVOC -ne 
2 16input (TRANS-SINK) 125VDC 
4-Input 200/240 VAC 
8-input 200/240 VAC 
8-Input Isolated 220 VAC/DC 
164nput 200/240 VAC 
16Input (SINK) 24VAC/DC 
Analog 4 Ch Isol. Curent Input 
i Analog 4 Ch. Isol. Volt. (Current Inp. 
i Analog 4 Ch. Isot. Curent Output 
N746sc-NO4vi Analog 4 Ch Isol Volt. (Current Out 
h74GINT4 Ch lsolated Thermocouple Input 
17464104  2-Input 100/120 VAC, 2-Qutput (RLY) - 
nput 100/120 VAC, 4-Output (RLY) 


Figure 6-15. Select the 1747-1*16 input module with sixteen 120 VAC 
input ports. 
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| yo Conluain. 


1746A4 4-Slot Flack 
Rack Not Instale A 


— 4 Analog 8 Ch Thermocouple input 
; 8-Output (TRIAC) 100/240 VAC 

16-Dutput (TRIAL) 100/240 VAC 
8-Output Isolated (TRIAC) 74/276 VAC 
12-Output (TRIAC) 120/240 VAC 

| | 6-Output (TRANS-SRC) 24 VDC 

WIO 17471532 5/03 CPU - 16K Mem. GS300 8-Output (TRANS-SRC} 10/50 VDC 

Wi 17464A16 —«-16-Input 100/120 VAC 16-Dutput (TRANS-SRC) 10/50 VDC 

le 1746-0A16 16-Output (TRIAC) 100/240 VAC 16-Dutput (TRANS-SRC) Protected | 

le 3 32-Gutput (TRANS-SRC} 10/50 VDC 

32-Output (TRANS-SRC) 10/50 VDC 
8-Output (2 AIT RANS-SRC} 24VDC 
16-Qutput [1 AJTRANS-SRC} 24VDC 
16-Gutput (TTL-SINK} 5 VDC 
8-Dutput (TRANS-SINK] 10/50 VDC 
16-Output (TRANS-SINK) 10/50 VDC 
16-Dutput [1 A(TRANS-SINK) 24VDC 
32-Dutput (TRANS-SINK) 10/50 VDC 
4-Output (RLY) 240 VAC 
8-Output (RLY) 240 VAC 


Figure 6-16. Select the 1746-0*16 output module with sixteen 
120 VAC output ports. 


Figure 6-17 displays the input/output connections of the Allen- 
Bradley Modular SLC 503 PLC device described in the previous para- 
graphs. Table 6-2 illustrates the input/output ports’ assignments. 

Figure 6-18 shows the PLC ladder diagram for the relay logic dia- 
gram displayed in Figure 6-13. 


Be PLC Program Scan Time 


When the processor runs through the PLC, the PLC program 
execution flow, called program scan, on each rung is from left to right. 
Moving through the entire PLC ladder logic diagram, the program 
scan is from the top rung to the bottom rung. The operational scan 
rate is the time required to execute the PLC ladder diagram once. 
Therefore, instructions in the PLC ladder logic diagram are scanned 
starting from the instruction in the upper left-corner and ending with 
the instruction on the lower right-corner. After the last instruction in 
the lower-right corner is executed, the process of scanning restarts. 
Single-bit instructions in PLC ladder logic diagrams are displayed 
in Table 6-3. Single-bit instructions examine if closed (XIC) and 
examine if open (XIO) have the same meaning as NO and NC respec- 
tively. Output energize (OTE) represents the output port that is con- 
nected to an output device. Output latch (OTL) and output unlatch 
(OTU) are used for latch/unlatch instructions and are covered in this 
chapter. One-shot rising (OSR) is a one-shot output instruction used 
to generate a one-shot pulse. 
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Input ports Output ports 


as +120 V| |!Common Py 


Table 6-2. Input/output address assignments for Figure 6-13. 
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0000 


0001 


0002 


Figure 6-18. PLC ladder logic diagram for the relay logic diagram shown in Figure 6-13. 


Instruction |© Instruction Full Name = Description 


i j AA à IN 
eee | aie Sie Fi 


Examine if Open i Examines a normally closed bit for an 
| 


OFF condition 


OTE “Output Energize ~ Turns ON a bit or an output port 
| (non-retentive) 
OTL Output Latch Latches a bit (retentive) 


| 


ee —- Á- - niin 
a] = Output Unlatc —_ Jnlatches bit (retentive) 


Table 6-3. Single-bit instructions for controlling input and output data. 


Figure 6-19 illustrates one scan cycle for a PLC ladder diagram. 
Each PLC operational cycle has three separate scan parts: (1) input 
scan, (2) program scan, and (3) output scan. 


These three PLC scan sections can be described as follows: 


1. Input scan—the processor reads the input ports and updates the 
input status table. 


Data from input ports > input status table. 


2. Program scan—the processor executes the PLC program and 
updates the output status table. 


Find the answer > output status table 


3. Output scan—output status table values are transferred to the 
output terminals. 


Data from output status table > output ports. 
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Output scan 


Input scan 


Program scan 


Figure 6-19. PLC scan cycle. 


. aa Immediate input with 
When a rung is scanned, its input and output addresses are mask (IM): A 


updated. However, because the scanning takes place from left to right An instruction placed 
across each rung, and from the top to bottom rungs, sometimes spe- İn the middle of a 
fici oe program that enables the 
cific inputs or outputs may not be updated in time. critical input port to be 
For example, assume the scan time for a ladder program is six milli- read twice within a six 
seconds, but the status of an input port changes every three milliseconds. millisecond period. 
This results in missing the status of that input port every other time. Immediate output with 
In order to correct this problem, an instruction called immediate a a ee placed 
input with mask (IIM) is placed in the middle of the program. The the middle of a program 
critical input port is then read twice within a six milliseconds period. that enables the critical 
There is a similar instruction called immediate output with mask  0'PUt port to be read 
twice within a six 
(IOM) that can be placed for the output port(s). millisecond period. 


Project tree area: 


Fi6.6 PLC Program and Data Files geo ae 


software that holds the 


i : : PLC data files and other 
A programmable logic controller project consists of the ladder BiG nrdfect iiss! 


logic diagram file and its associated data files. These files are shown in ain wrogcantAlaa 
Figure 6-20 in the project tree area of the RSLogix 500 software pro- File ne sealants the 
gram. Notice that the project area is divided into two areas: Program main PLC ladder logic 
Files and Data Files. sah a ae = 

There are at least three program file icons in the Program Files area. ae A a a 7 
The SYSO program file is used by the PLC processor to keep track of its is in file two (LAD 2). 
internal register settings. The SYS1 program file is reserved. Therefore, PLC project: 
these two system files are not available to the RSLogix 500 software user. Project that contains the 

PLC programmers have access to at least one program file called fe Se Cae 
the main program file. The main program file (LAD2) holds the main = gb outine 
PLC ladder logic diagram. program files: 

In a PLC project, there may be more than one program file. This Files called from the 

: : 5 > a main PLC program file. 

means that there might be several subroutine program files in addi Subroutine pio. cai 
tion to the main program file. These subroutine program files are can be viewed in the 
called on or accessed from the main program file. Subroutine filesand Program Files area. 
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Project tree area Ladder view area 


Figure 6-20. The project tree area contains the program and data file. The ladder view 
area displays the ladder diagram from the main program file (LAD2) or subroutine files. 


Input (1): 
File used to hold data for 
the input instructions. 


XIC (examine if closed): 


A PLC instruction for 
a normally open input 
device. 


XIO (examine if open): 


A PLC instruction for a 
normally closed input 
device. 

Output (O): 

File used to hold the 
data for the output 
instructions. 


Status (S2): 

File that holds the status 
bit flags of an operating 
PLC ladder logic 
diagram. 

Timers (T4): 

File that holds the 
contents of the timer 
instructions. 

Counters (C5): 

File used for the counter 
instructions. 


how they are accessed through the main program file will be studied 

in later chapters. If you select a main program file or a subroutine file 

in the project tree area, its ladder logic diagram will be displayed in 
the ladder view area. 

In the Data Files area, there are icons for nine data files. The fol- 
lowing describes each file: 

e Input (I)—The input file holds the input bit status of the input 
modules. There are 12 input ports in module zero of the Allen- 
Bradley Fixed SLC 500 PLC. These inputs can be examine if open 
(XIO) or examine if closed (XIC). 


e Output (O)—The output file holds the output bit status of the 
output modules. In the Allen-Bradley Fixed SLC 500 PLCs, there 
are eight output ports in module zero. 


e Status (S2)—The status file holds the flag or status bits of 
the ladder logic diagram. If a central processing unit fault is 
generated in the PLC, you should click this icon. Then, find 
the fault indicator status bit and read the reason the message 
was generated. Finally, correct the program to solve the fault 
condition. Figure 6-21 displays a typical Status dialog box in 
which the reason for the PLC fault is listed. 


e Timer (T4)—The timer file holds information related to the 
number of timers used in the ladder logic program. Depending 
on the size of the PLC RAM, there could be timers with 
addresses from T4:0 to T4:255. This means that, theoretically, a 
PLC ladder diagram can have access to 256 timers. In practice, 
the number of timers is limited due to lack of enough RAM 
memory in the PLC. 


e Counter (C5)—The counter file holds information related to 
counters that can have any address from C5:0 to C5:255. The 
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STE | Protection | Forces | 


Extend |/0 Configuration $:0/8 =[0] Major Eror S:6= [0h] 
Fault Override At Powerup $:1/8 = [0] 
Startup Protection Faut $:1/9 =[0] Enor Description 
Major Error Halt S:1/13 = [0] 
Math Overflow Trap S:5/0 =[0] 
Control Register Error $:5/2 = [0] 
Major Eror (Executing User Faut Rtn.) S:5/3 = [0] 


Retentive Data Lost S:5/8 =[0] a 
Ire Ftor Selection Mded 55/13 [0] 
Radix [Structured = 


Properties | Usage | He | 


Figure 6-21. PLC status file. 


number of counters is also limited due to the lack of RAM 
memory in the PLC. 


Control (R6)—The control file (R6) holds 256 words (R6:0 

to R6:255) that are used as control registers for advance PLC 
instructions such as bit shift and sequencer instructions. Control 
registers are used with sequencer and shift register instructions. 
Therefore, registers R6:0 to R6:255 can hold valuable information 
related to the sequencer and shift register instructions. 


Integer (N7)—Integer file (N7) holds 256 words (N7:0 to N7:255) 
that can be used as temporary storage integer registers. Several 
16-bit integer registers with addresses N7:0 through N7:255 are 
available in the SLC 500 series Allen-Bradley PLC systems. See 
Figure 6-22. These integer registers are used either as holding 
registers for instructions such as sequencers, or simply as storage 
registers. Double-click the N7 icon to check and change the 
value of these registers. 


Bit (B3 and B10)—Bit file B3 and B10 each hold 256 words 

(B3:0 to B3:255 and B10:0 to B10:255). These registers are used 

by advance PLC instructions such as bit shift and sequencer 
instructions. All Allen-Bradley SLC 500 series Programmable 
Logic Controllers have 16-bit registers. For example, B3:0 has the 
bits B3:0/0 to B3:0/15. B3:0 represents a 16-bit word, while B3:0/0 
or B3/0 represents the least significant bit in the B3:0 word. These 
bits can be used as internal coils or contacts in a PLC ladder logic 
diagram. There are 256 bits addressed as B3/0 through B3/255 
available in the SLC 500 series PLC. These bits are used for 
internal PLC coil or contact addresses. A programmer can also 
use bits addressed as B10:0 through B10:255. Therefore, 512 bit 
addresses labeled B3:0 through B3:255 and B10:0 through B10:255 
are available in the SLC 500 series PLC systems. Note that the B3 
data file has separate data file icons. 


Control (R6): 

File that holds the 
contents of the control 
registers. 


Integer (N7): 
File that holds the integer 
numbers. 


Bit (B3 & B10): 
File used for internal 
control relay contacts. 
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= 


| = Data File M7 dec} ~ INTEGER 


Figure 6-22. Integer files. A. RSLogix 500 software from Rockwell 
International. B. LogixPro software from The Learning Pit. 


6.7 Programming Ladder Logic Diagrams 
with Latch and Unlatch Instructions 


Frequently, industrial control systems dictate that an output 
device must turn on when a pushbutton is pressed. The same output 
device must turn off when another pushbutton is pressed. This is pos- 
sible if PLC latch and unlatch instructions are used. Figure 6-23 dis- 
plays a relay logic diagram with two latch and unlatch instructions. 
Switch one and pushbutton one control the green light. Switch two 
and pushbutton two control the red light. 

Figure 6-24 displays the input/output connections of an Allen- 
Bradley Fixed SLC 500 PLC device. Table 6-4 illustrates the input/out- 
put ports’ assignments. 

A fixed SLC 500 processor is used to create the PLC ladder logic 
displayed in Figure 6-25. Figure 6-25 shows the PLC ladder diagram 
for the relay logic diagram displayed in Figure 6-23. Close switch one 
to latch the address B3:0/0 and turn on the green light. Then, press 
pushbutton one to unlatch the address B3:0/0 and turn off the green 
light. Press switch two to latch the address B3:0/1 and turn on the red 
light. Then, press the pushbutton two to unlatch the address B3:0/1 
and turn off the red light. 
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L] i2 
Switch #1 Latch #1 


Switch #2 Latch #2 


Pushbutton #1 Unlatch #1 
en 2: 


Pushbutton #2 Unlatch #2 
Tia 


Ra Green light 


Latch 2 Red light 


Figure 6-23. Latch and unlatch instructions. 


Input ports Output ports 
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Figure 6-24. Input/output connections for Figure 6-23. 
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Input Ports  OutpufPors | 


witch #2=10/1 |  Redlight=0:0/1 


I, 


Pushbutton #1 = |:0/2 


0000 


0001 


0002 


0003 


0004 


0005 


0006 


Figure 6-25. PLC ladder logic diagram for the relay logic diagram shown in Figure 6-22. 
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$i 6.8 Loading and Troubleshooting PLC 
i Ladder Diagrams in Run Mode 


In this section, the PLC ladder logic diagram for the relay logic 
diagram displayed in Figure 6-26 will be created. The PLC ladder logic 
diagram will be loaded into the PLC. Then, the PLC will be placed in 
the run mode and online monitor mode. Placing the PLC on the run 
mode allows the PLC to start controlling the input/output devices. 
Placing the PLC on the online monitor mode allows the programmer 
to see the operation of a running PLC control system on the computer 
screen. This mode is used by the programmer to troubleshoot the PLC 
program while it is actually controlling the input/output devices. 

Figure 6-27 displays the input/output connections of an Allen- 
Bradley Fixed SLC 500 PLC device. Table 6-5 illustrates the input/out- 
put ports’ assignments. 

Place the PLC in the offline mode and create the ladder logic 
diagram displayed in Figure 6-28. Offline mode is the mode when 
the PLC ladder logic diagram can be created. Online mode is when the 
PLC program is downloaded into the PC. Next, follow the instructions 
provided by the RSLogix 500 software to download the program into 
the PLC. (Note that the Upload command will transfer the program 
from the PLC to the PC.) Finally, place the PLC in the run and online 
monitor mode. 

When the PLC is in the run and online monitor mode, the run 
mode icon on the top of the screen will start rotating along its vertical 
axis. Also, when the PLC is in the run and online monitor mode, the 
two vertical rails in the ladder logic diagram will be highlighted. 
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Figure 6-26. Relay logic diagram. 


Run mode: 

Mode in which the PLC 
runs (executes) its ladder 
logic diagram program. 
Online monitor mode: 
Mode in which operating 
PLC input/output 
instructions can be 
monitored on the PC 
screen. 


Offline mode: 

Mode in which a PLC 
ladder logic diagram can 
be created. 

Online mode: 

Mode in which the PLC 
program is downloaded 
into the PC. 
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Figure 6-27. Input/output connections for Figure 6-26. 
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Table 6-5. Input/output address assignments for Figure 6-26. 


Press the start pushbutton to turn the motor on. When the motor 
is energized, the contact for relay coil B3:0/0 will close. Therefore, 
the motor will run continuously until the stop pushbutton is pressed. 
Notice that when an instruction is energized, its symbol on the screen 
will be highlighted. 

Press the jog pushbutton to turn the motor on. The motor will run 
only when the jog pushbutton is pressed. 

If the control system does not operate as described above, one must 
follow the conditions of the ON/OFF instructions on the screen. The 
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0000 


0001 


Figure 6-28. PLC ladder logic diagram for the relay logic diagram shown in Figure 6-26. 


PLC should be in the run and online monitor mode. Then, you will 
use problem-solving techniques to find and correct the problem. Notice 
that when an instruction is energized, its symbol is highlighted. Using 
the force instruction to find and correct the problem is very important. 
In the next section, the force instruction and its use is described. 


$16.9 Using PLC Force Instruction for 
=i Troubleshooting 


A method of testing the PLC system without actually closing or 
opening input devices is to test the PLC in the forced condition mode. 
When a PLC is placed in the force mode, keys on the computer key- 
boards are pressed to test the program. The force condition must be used 
with extreme caution. A programmer using the force condition is capa- 
ble of turning the outputs on and off without actually touching the 
input/output devices. In this section, you learn how to use the force 
instruction to test the ladder logic program for the relay logic diagram 
displayed in Figure 6-29. 

Figure 6-29 illustrates that if the temperature switch is closed, 
the motors can run in a continuous run mode. The white pilot light 
indicates that the motors are in continuous run mode. Press the red 
pushbutton (RPB) to turn on both motors. Press the green pushbutton 
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Figure 6-29. Relay logic diagram. 


(GPB) to turn on only motor #1. Both motors run until the normally 
closed stop pushbutton is pressed. 

If the temperature switch is open, motors will be in the jog mode. 
This means that you must press and hold the pushbuttons in order to 
run the motors. 

Figure 6-30 displays the input/output connections of an Allen- 
Bradley Fixed SLC 500 PLC device. Table 6-6 illustrates the input/out- 
put ports’ assignments. 

Place the PLC in the offline mode and create the ladder logic dia- 
gram displayed in Figure 6-31. Download the program into the PLC 
and place the PLC in the run/online monitor mode. 

Use the following steps to force some of the input instructions 
ON and OFF. These steps will familiarize you with the use of the force 
instruction. 

1. Right-click input I:0/3 to open the shortcut menu. Click the 

Force On command to place the word ON below the input 

instruction I:0/3. See Figure 6-32. 


Click Enable Force and notice that the word ON under the input 
instructions will change to red. The red ON is an indication that the 
force instruction is enabled. You have just used the force instruction 
to close the normally open input I:0/3. Therefore, the white light 
turns on to indicate continuous run mode. See Figure 6-33. 
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Table 6-6. Input/output ports assignments for Figure 6-28. 


2. Right-click instruction I:0/1 and click Force On from the 
shortcut menu to force the input instruction I:0/1 to close. Both 
outputs should turn on and run continuously. 

Right-click instruction I:0/0 and select Force On to force the 
input instruction J:0/0 to return to its normal open state. Both 
outputs should now be turned off. 
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3. Right-click instruction 1:0/3 and select Force Off. The white 
light will turn off and the motors will be in the jog mode. Right- 
click instruction I:0/2 and then select Force On. The normally 
open I:0/2 is forced closed and motor #2 turns on. Right-click 
instruction and select Force Off. This should turn off motor #2. 


T:0 
0000 á 
0 
Tag 
0001 +4 
0 
0002 - 
0 
0003 


End 


Figure 6-31. PLC ladder logic diagram for the relay logic diagram shown in Figure 6-31. 
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This section described how you could use the force instruction to 
turn instructions on and off using the computer keyboard. However, 
the force instruction must be used with extreme caution. Even though 
the force instruction is a powerful tool for troubleshooting, using the 
force instruction in an industrial plant has the potential of causing 
fatal accidents. 
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Figure 6-32. Temperature switch is forced on. 
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Figure 6-33. The white light turns on to indicate continuous run mode. 


a 6.10 Creating and Printing PLC Program 
=: Reports 


In this section, you will learn how to create reports for PLC proj- 


ects. You will explore different report options available for Allen- 
Bradley PLC software (RSLogix 500). You will configure the printer 
and its settings. Then, you will preview the reports that are ready to 
be printed and print them. Other PLC manufacturer’s programming 
software will have similar report options. 


There are seven commands for creating and printing PLC reports 


in RSLogix 500 software, which are found under the File menu. These 
commands are the following: 


Print View 

Print Preview 

Report Options 

Report Preview 

Print Report 

Printer Setup 

Page Setup 

In the following paragraphs, you will study the Report Options 


command. The other six commands work the same as word process- 
ing software commands and are self-explanatory. Figure 6-34 displays 
the Report Options dialog box. 
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Figure 6-34. Report options for the RSLogix 500 software. 


The Report Options dialog box is divided into six sections. These 
sections are labeled General, Data Files, Program Files, Special, 
Database, and Miscellaneous Layout Options. Each section contains 
options pertaining to the PLC project report. 


General 


The section entitled General has seven options. These options are Title 
Page, Processor Information, I/O Configuration, Channel Configuration, 
Custom Data Monitor, Cross Reference, and Multipoint List. 

The Title page prints the RSLogix 500 name and the Rockwell 
software logo. Printing this page requires a lot of ink from an inkjet 
printer. Therefore, do not select this option. 

The Processor Information contains the name and type of proces- 
sor used in the PLC system. Processor type 1747-L20A is one of those 
used in the Fixed SLC 500 PLC. Processor type 1747-L532 is one used 
in the Modular SLC 503 PLC. You should know the type of PLC you 
are using with your lab station. Therefore, you do not need to select 
this option either. 

The I/O Configuration report displays the number of slots available 
on the PLC. It also displays which slots are configured to be used and 
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Channel one: 

Channel used to connect 
the PLC to the PC or to 
other PLCs. It has an 


RJ-45 connection port. 


Channel zero: 

Channel used to connect 
the PLC to peripheral 
devices such as a 
barcode reader. It has 
an RS 232C connection 
port. 


how many ports each module in the expansion slot has. Finally, it prints 
the number of input/output devices used. The Fixed SLC 500 PLC has 
one slot or module. It is addressed as slot or module zero. Slot zero is 
used with the 1747-L20A processor and has twelve input and eight out- 
put ports. These ports are rated for 120 VAC input/output operations. 

The Modular SLC 503 trainer has four slots or modules. Slot zero 
must always be configured for the processor type 1747-L532. Slot one is 
configured for a module that has sixteen input ports (1746-IB16). Slot two 
is configured for a module that has sixteen output ports (1746-OBP16). 
All the input and output ports are rated for 120 VAC operation. 

The Channel Configuration report lists the controller channel num- 
ber used for the communication between the PLC and the computer. 
The PLC is assigned to station or node zero. You should configure 
the AB_PIC-1 (Allen-Bradley Peripheral Interface Connector) device 
driver that uses channel one. Channel one has the RJ-45 connection 
terminal. The RJ-45 type terminal looks similar to the RJ-11 tele- 
phone jack terminal, except the RJ-45 is larger than the RJ-11 terminal. 
Channel one is always used for connecting the 1747-PIC communi- 
cation interface device to the PLC and the computer. Channel zero 
could also be used for connecting peripheral devices such as a bar- 
code reader or a printer directly to the SLC 502, SLC 503, SLC 504, and 
SLC 505 PLC systems. Channel zero uses the RS 232C (Recommended 
Standard 232C) standard channel available on these PLC systems. 
Since channel zero is usually used for connecting a barcode scanner 
or a printer to the PLC, most commonly used PLC trainers do not use 
channel zero. These trainers use channel one. Therefore, you do not 
need to select this option. 

The Custom Data Monitor report provides you with a list of the 
addresses in the custom data monitor, their symbols, and the current 
value of the bit or word address. For the smaller SLC 500 and SLC 501 pro- 
grammable logic controller systems, you don’t need to print this report. 

The Cross Reference report specifies which data files and rungs the 
addresses in your project are using. For smaller ladder logic diagrams 
with only a few rungs, you don’t need to print this report option. 

A Multipoint List report contains a list of addresses used in the lad- 
der logic diagram. These addresses can be for input/output devices 
(I/O), contact bits (B3 or B10), timer (T4), counter (C5), control register 
(R6), or status register (S2). This is only available with Allen-Bradley 
MicroLogix 1000, SLC 5/03-OS302, and SLC 5/04-OS401 controllers. 
The multipoint reports the addresses used and their conditions or states 
while the PLC was operating. Occasionally, you should select this option 
to review conditions while troubleshooting your PLC project. 


Data Base 


The Data Base section of the report option in the dialog box 
has three options. These options are Address/Symbols, Instruction 
Comments, and Symbol Groups. 
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The Address/Symbols option lists the instruction addresses and 
their descriptions. Only the processor addresses used in the ladder 
logic diagram are listed. 

The Instruction Comments option displays the instruction com- 
ments. Note that on the ladder logic diagram the instruction com- 
ments will write over the address comments. This means that if an 
address has both instruction and address comments, only the instruc- 
tion comment will be printed. 

The Symbol Groups option contains the list and description of the 
symbol groups. A PLC programmer can create symbols for each input/ 
output device. From then on, the programmer can use the symbol to 
place the I/O device. For example, you can create a symbol called PBO 
for the input I:0/0. Then instead of typing I:0/0, you can simply type 
PBO to place the input device in the ladder diagram. 


Program Files 


The Program Files section of the report option in the dialog box has 
two options. These options are the Program File List and Program Files. 

The Program File List has a list of the ladder logic diagrams. It 
will always list file 0, file 1, and file 2. File 0, or SYS 0, is used to hold 
the status bits or flag bits. These bits are $2, S3, S5, and such. File 1, or 
SYS 2, is reserved. Therefore, file 0 and file 1 are system files. File 2, 
or LAD2, contains the main ladder logic diagram. If the PLC project 
uses subroutines, then the project may have a file 3, file 4, and file 5 
until the last file. Therefore, in addition to file 0, file 1, and file 2, a PLC 
project can have file 3, or LAD3, through file 255, or LAD255, if there is 
enough RAM memory available on the PLC system. You should select 
this report option. 

The Program Files option displays the ladder logic diagrams of 
the files in the report. You should select this report option. 


Data Files 


The Data Files section has three options. These options are Data 
File List, Data Files, and Memory Usage. 

A Data File List specifies the list of data files available for your 
PLC project. 

The Data Files option allows you to specify which data file you want 
to include in your report or the range for which data file will be printed. 

Memory Usage specifies the range for which a data file should be 
printed. Memory usage specifies the range of all data tables used in 
the PLC project. 

Occasionally, you may want to select the Data File List and Data 
Files options. This data can be beneficial for troubleshooting the PLC 
system. Figure 6-35 displays how to select a report option in the Report 
Preview dialog box. 
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Figure 6-35. How to select a report option in the Report Preview dialog box. 
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46.11 Using Utility Instructions to Save and 
i Retrieve PLC Programs 


In this section, you will learn how to change the subdirectory and 
the drive location of where you save the PLC project. You will also 
learn how to open or import existing PLC ladder logic diagrams. The 
options for automatically saving project files and creating a backup 
are discussed. 

To save the PLC project from the File menu click, Save As. From 
the Look In box, select the drive and subdirectory to which you want 
to save the project file. Then, enter the name of the file in the File Name 
text box and click Save. 

To open an existing PLC program, click the Open File icon located 
on the toolbar. You can also click Open from the File menu. The Open/ 
Import SLC 500 Program dialog box will display, Figure 6-36. From 
the Look In box, select the drive in which the program is residing. 
Then, select the desired PLC project file and click Open. 

Now, you will learn how to change the parameters of the save instruc- 
tions, such as AutoSave and Program Backup. From the Tools menu, click 
Options to open the System Options dialog box, Figure 6-37. In the Save 
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Time Interval (minutes) option in the AutoSave section, enter the time 
interval for which you want the program to automatically save the 
project files. For example, type in “10” if you want the program to 
automatically save the project files every 10 minutes. 
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Figure 6-36. Open/Import dialog box. 
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Figure 6-37. System Preferences SLC 500 Program 
tab in the System Options dialog box. 
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To specify the number of copies of the project files you want the 
program to keep, enter the desired number in the Number of Backups 
text box that is located in the Program Backup section. Specify that 
you want the system to keep only one copy of the project. This copy is 
called the backup file. 


q Summary 
j e Input and output device symbols are used to create relay logic 
diagrams. 


e Once a relay logic diagram is constructed, addresses are 
assigned to each input and output device, those devices are 
connected to PLC ports, and the PLC ladder diagram is created. 


e Ladder logic diagrams are created in the offline mode. 


e Latch and unlatch instructions were used to create PLC ladder 
logic diagrams and the program was tested on a PLC trainer. 


e When converting relay logic diagrams to the ladder logic 
diagrams, you must follow the following six rules: 


1. Place a contact in the upper-left corner of the ladder logic 
diagram. 

. Place the coil at the end of the rung. 

. All contacts must be placed horizontally. 

. Outputs cannot be connected in series with other outputs. 

. Program execution flow must be from left to right. 


nn oF UON 


. Place the rung numbers on the left side of each rung. 


e After constructing the relay logic diagram for a control system, 
assign addresses to each input and output device, connect the 
input/output devices to the PLC ports, and then create the PLC 
ladder diagram. 


e When creating a new PLC file, the first step is to select the 
proper PLC processor. 


e PLC diagrams can be evaluated with normally open and 
normally closed switches and contacts. 


e The PLC program execution flow, called program scan, on each 
rung is from left to right. The program scan is from the top rung 
to the bottom rung moving through the entire PLC ladder logic 
diagram. 

e The operational scan rate is the time required to execute the PLC 
ladder diagram once. Therefore, instructions in the PLC ladder 
logic diagram are scanned starting from the instruction in the 
upper-left corner and ending with the instruction on the lower- 
right corner. After the last instruction in the lower-right corner is 
executed, the process of scanning restarts. 
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Each PLC operational cycle has three separate scan parts: input 
scan, program scan, and output scan. 


Since scanning takes place from left to right across each rung, 
and from the top to bottom rungs, sometimes specific inputs or 
outputs may not be updated in time. 


A programmable logic controller project consists of the ladder 
logic diagram file and its associated data files. 


The SYSO program file is used by the PLC processor to keep 
track of its internal register settings and the SYS1 program file 
is reserved. Therefore, these two system files are not available to 
the RSLogix 500 software user. 

The main program file (LAD2) holds the main PLC ladder logic 
diagram. 

In a PLC project, there may be more than one program file which 
also means that there might be several subroutine program files 
in addition to the main program file. 

There are icons for nine data files in the Data Files area: Input (1), 
Output (O), Status (S2), Timer (T4), Counter (C5), Control (R6), 
Integer (N7), and Bit (B3 & B10). 

If PLC latch and unlatch instructions are used in industrial 
control systems, it is possible to dictate that an output device 
must turn on when a pushbutton is pressed and that the same 
output device must turn off when another pushbutton is 
pressed. 

Placing the PLC on the run mode allows the PLC to start 
controlling the input/output devices. 

Placing the PLC on the online monitor mode allows the 
programmer to see the operation of a running PLC control 
system on the computer screen. 

Offline mode is the mode when the PLC ladder logic diagram 
can be created. 

Online mode is when the PLC program is downloaded into the PC. 
A method of testing the PLC system without actually closing 
or opening input devices is to test the PLC in the forced 
condition mode. 

The force condition must be used with extreme caution. 

The seven commands for creating and printing PLC reports 

in RSLogix 500 software found under the File menu are the 
following: Print View, Print Preview, Report Options, Report 
Preview, Print Report, Printer Setup, and Page Setup. 
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view Questions 


How many output instructions can you place in series in a 
ladder logic diagram? 


. What processor type is used for the Allen-Bradley Fixed 


SLC 500 PLC with twelve 120 VAC input ports and eight 
120 VAC output ports? 


. Which slot must be reserved for a processor in the modular 


Allen-Bradley PLC system? 


4. Which file holds the main PLC ladder logic diagram? 


. What are the following PLC input instruction types: XIO and XIC? 


6. What steps do you take to place an input or output instruction in 


9 
10. 


forced mode? 
Which data file holds the error messages? 


. Should you use the PLC force instruction in an industrial plant 


when assembly line workers are present? Why or why not? 
List the seven commands available for creating and printing. 
Describe how to open and save a project. 


Complete each of the following sentences with the correct word(s). 


U1. 
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You must energize the coil to close an XIC Latch/Unlatch 
contact. 

Bit addresses B3:0 through B3:255 or through may 
be used for latch/unlatch. 

To latch or unlatch a contact, two are used. 


The PLC system can be tested without actually closing or 
opening input devices in the mode. 


Specify if the following statements are true or false. 


15. 


16. 
1% 
18. 


Ig: 


20. 


20 


22 


You may use the PLC force instruction in a manufacturing plant 
when assembly line workers are present. 


Two pushbuttons are typically used for each latch/unlatch instruction. 
The Data File S2 dialog box displays the error messages. 


In a PLC ladder logic diagram, you can place two or more output 
coils in series. 


In a PLC ladder logic diagram, you can place two or more output 
coils in parallel. 


In a PLC ladder logic diagram, you can place two or more 
contacts horizontally. 


In a PLC ladder logic diagram, you can place two or more 
contacts in vertically. 


In a PLC ladder logic diagram, program execution flow must be 
from left to right. 
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Programming Logic Gate 
Functions in PLCs 
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. 7.1 Introduction 
7.2 Combinational and Sequential Logic Gate Circuits 
7.3 Boolean Expressions, Truth Tables, and Logic Gate Circuits 
7.4 NOT Gates or Inverters 
7.5 AND Gates 
7.6 OR Gates 
7.7 NAND Gates 
7.8 NOR Gates 
7.9 XOR (Exclusive OR) Gates 
7.10 XNOR (Exclusive NOR) Gates 
7.11 Simplifying Boolean Expressions 
7.12 Creating PLC Ladder Logic Diagrams from Logic Gate Circuits 
7.13 Creating PLC Ladder Logic Diagrams from Boolean Expressions 
7.14 Creating Logic Gate Circuits from PLC Ladder Logic Diagrams 


4 Technical Terms 


combinational logic gates logic low NAND gate 

sequential logic devices truth table NOR gate 

Boolean expression gate symbols XOR gate 

Boolean algebra NOT gate XNOR gate 

true state AND gate Karnaugh map 

logic high OR gate Quine-McCluskey routine 


false state 


Bi Learning Objectives 
Ẹ 


After completing this chapter, you will be able to: 

e Describe combinational and sequential logic gate circuits. 

e Create PLC ladder logic programs for NOT, AND, OR, NAND, NOR, 
XOR, and XNOR logic gates. 

e Create Boolean expressions and logic gate circuits from truth tables. 


e Use the Logic Converter instrument in NI Multisim to create logic 
tables and Boolean expressions from logic gate circuits. 


e Convert Boolean expressions to PLC ladder logic diagrams. 
e Convert PLC ladder logic diagrams to logic gate circuits and Boolean 
expressions. 
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Combinational 

logic gates: 

Logic devices in which 
the output of the device 
is dependent only on 

the present inputs to 

the device. There is no 
dependency on past 
inputs. Combinational 
logic gates do not require 


clock pulses to operate. 


Sequential 

logic devices: 

Logic devices in which 
the output of the device 
is dependent on the 
present and past inputs 
to the device. Sequential 
logic devices require 
clock pulses to operate. 


Programmable Logic Controllers: Hardware and Programming 


gi 7.1 Introduction 


The majority of PLC manufacturers use the ladder logic diagram 
programming language to program their programmable logic con- 
trollers (PLCs). Some manufacturers prefer using logic gate circuits or 
Boolean expressions to program their PLCs. Therefore, it is beneficial to 
know how to convert one type of PLC programming language to the 
other. 

In this chapter, you will learn how to create logic gate circuits 
from ladder logic diagrams and vice versa. You will review the func- 
tions associated with the combinational logic gates. These gates are 
the NOT, AND, OR, NAND, NOR, XOR, and XNOR gates. You will 
learn how to create PLC ladder logic diagrams that emulate the func- 
tions of these gates. 


17.2 Combinational and Sequential Logic 
3 Gate Circuits 


Combinational logic gates do not require clock pulses to oper- 
ate. Their outputs depend only on their inputs. This means that the 
outputs of combinational logic gates are generated instantaneously. 
Generally, the combinational logic gates are simply called logic gates. 
Seven logic gates exist. Seven logic gates exist: NOT, AND, OR, NAND, 
NOR, XOR (exclusive OR), and XNOR (exclusive NOR). The gates in a 
circuit represent a simple Boolean expression. For example, two-input 
AND gates with inputs A and B and output Y graphically represent 
the expression Y = A - B. Figure 7-1 displays a logic gate circuit which 
shows the connection of logic gates for a Boolean expression. 

Sequential logic devices have outputs that depend on their 
inputs as well as time. They require clock pulses. Therefore, an inher- 
ent delay time is always present for the sequential logic circuits. Flip- 
flop devices such as reset-set (RS), JK, delay (D), and toggle (T) are 
sequential logic devices. Figure 7-2 displays a sequential logic circuit. 


AB’ 


AB’+A’B+C 


Figure 7-1. A three-input logic gate circuit. 
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Figure 7-2. Sequential logic circuit. These circuits require clock pulses. 


In this textbook, you will study only combinational logic gate 
circuits. However, you first need to review the concepts of Boolean 
expressions, truth tables, and gate symbols. 


7.3 Boolean Expressions, Truth Tables, and 
Logic Gate Circuits 


In basic algebra, you learned that every function has its own equa- 
tion. Similarly in the field of digital electronics, every gate logic func- 
tion has its own equation called a Boolean expression. The nineteenth 
century British mathematician, George Boole, invented a type of alge- 
bra that uses only two conditions or states. The two states are true 
and false. This type of algebra using only two states is called Boolean 
algebra in honor of Boole. 

In Boolean algebra, the true state is represented by the number 
one, called logic high or logic one. The false state is represented by the 
number zero, called logic low or logic zero. In the field of digital elec- 
tronics, logic high is represented by the presence of a voltage potential. 
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Boolean expression: 
Names for equations in 
Boolean algebra. 


Boolean algebra: 
Form of mathematics 
that uses two conditions 
or states: true and false. 


True state: 

State in digital electronics 
that is represented with a 
number 1. 


False state: 

State represented in 
digital electronics with a 
number zero. 

Logic high: 

State in digital electronics 
that is represented with 

5 volts. Also called logic 
one. 

Logic low: 

State in digital electronics 
that is represented with 
zero volts. Also called 
logic zero. 
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Truth table: 

Table used to map 
Boolean expressions. 
Truth tables contain 
Boolean expression 
inputs and outputs. 
Gate symbols: 


Symbols used to display 
logic gate devices. 


Logic low is represented by the absence of a voltage potential. The logic 
high in a programmable logic controller is represented with five volts 
(+5 V), and the logic low is represented with zero volts (0 V). 

By applying conventional algebra, you can plot a function’s input 
and output points to create the characteristic of the function as a graph. 
This graph represents the function pictorially in an x-y coordinate 
system. The x-axis is for the input points and the y-axis is for the out- 
put points. In Boolean algebra, a table contains the digital input and 
output points. This table is called a truth table. Figure 7-3 displays 
a Boolean expression and its truth table. Note that a prime symbol 
(’) indicates the inverse value of the input. In Figure 7-3, the A witha 
prime represents the inverse of A. 

There are schematic symbols for every combinational and sequen- 
tial logic device. The schematic symbols for logic gates are called gate 
symbols. Using logic gate symbols, one can create the logic gate cir- 
cuits. Figure 7-4 displays the logic gate circuit for Boolean expression 
in Figure 7-3. 

In the following sections, you will learn what type of Boolean 
expressions, truth tables, and logic gate symbols are used for the seven 
logic gates introduced in Section 7.2. 


Boolean expression: Y = AB + A’C 
Truth Table 


Figure 7-3. Boolean expression and its truth table. 


Figure 7-4. Logic circuit for Boolean expression in Figure 7-3. 
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Bi 7.4 NOT Gates or Inverters 


gate is sometimes called an inverter. The function of a NOT gate is 
simulated by the electric circuit displayed in Figure 7-5. When the 
switch is closed, the electric bulb is short circuited, and it turns off. 


The output of a NOT gate is the inverse of the input. The NOT NOT gate: 


When the switch is open, electric current flows through the lightbulb, 
and the lightbulb turns on. Like the NOT gate, the output is on when 
the input is off and vice versa. The input is inverted to generate an 
output. Figure 7-6 displays the NOT logic gate symbol, its Boolean 
expression, and its truth table. 


Figure 7-7 displays that there are two different types of PLC lad- 


der logic diagrams that perform the NOT function. 


In rung 0000, the XIO (examine if open) device is connected to 
the output. Therefore, the XIO device is normally closed and 
output zero is ON. When you press pushbutton #1 (1:0/0), the 
output zero (pilot light #1) is turned off. (Notice that address 
I:0/0 references the port 0 on module 0.) 

In rung 0001, pushbutton #2 (I:0/1) is connected to internal 
coil bit B3:0/0. (Notice that address I:0/1 references the port 1 
on module 0.) In rung 0002, the internal contact bit B3:0/0 is 
inverted and connected to output one (pilot light #2). When 
normally open input I:0/1 is open, output one (O:0/1) is ON. 
Press input 0/1 to close it, then output one will turn OFF. 


Switch is closed (SW = 1), Lamp is off (LT = 0) 
Switch is opened (SW = 0), Lamp is on (LT = 1) 


Figure 7-5. Electric circuit emulating the function of a NOT gate. 


Boolean expression: Y = A’ 


Ao 


NOT gate symbol Truth table 


Figure 7-6. Boolean expression, gate 
symbol, and truth table for NOT logic gate. 


Gate that generates a 
logic high output when 
all inputs are logic low. 
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0000 


0001 


0002 


0003 


Figure 7-7. Two ways to program a NOT function in a PLC. 


pi 7.5 AND Gates 
E 


AND gate: The function of an AND gate is simulated in the electric circuit 
ye ae oe T displayed in Figure 7-8. Notice that the lamp will be on only when 
o eae hi ma both switches are closed. l l l 
Figure 7-9 displays a two-input AND logic gate symbol, its Bool- 
ean expression, and its truth table. In the truth table, you can see that 
there is only one set of inputs that produces a logic high output. 
Figure 7-10 displays a ladder logic diagram that performs the 
function of a two-input AND gate. When normally open inputs I:0/0 
and I:0/1 are closed, output O:0/0 is energized. 


Bi 7.6 OR Gates 


OR gate: The function of an OR gate is simulated in the electric circuit dis- 
am eet ren played in Figure 7-11. Notice that the lamp will be ON when one or 
aes Bare all both of the switches are closed. 

inputs are logic low. Figure 7-12 displays a two-input OR logic gate symbol, its Bool- 


ean expression, and its truth table. The truth table shows a logic high 
output for all combinations of inputs except where both A and B are 
low. When either input A, B, or both are on, the output is on. 

Figure 7-13 displays a ladder logic diagram that performs the 
function of a two-input OR gate. When either normally open (NO) 
inputs I:0/0, I:0/1, or both are closed, output O:0/0 is energized. 
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Switch A Switch B 


0 0 
] ] 
Lamp on 
1 KQ a 
Lamp off 
al 
OW 


Figure 7-8. Electric circuit emulating an AND gate. 


Ii II 
OD — 


Boolean expression: Y = A - B 


A 
B 


Two-input AND gate Truth table 


Figure 7-9. Boolean expression, gate symbol, and 
truth table for a two-input AND logic gate. 


0000 


0001 


Figure 7-10. AND gate ladder logic diagram. 
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Switch A 


Switch Bs] 
Lamp on= 1 


1kQ 
Lamp off = 0 


+ = 
5v 
Figure 7-11. Electric circuit emulating an OR gate. 
Boolean expression: Y = A+B 
A 
3 


Two-input OR gate Truth table 


Figure 7-12. Boolean expression, gate symbol, and 
truth table for a two-input OR logic gate. 


0000 


0001 


Figure 7-13. Ladder logic diagram for an OR gate. 
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F 7.7 NAND Gates 


The function of a NAND gate is simulated in the electric circuit NAND gate: 
displayed in Figure 7-14. Notice that the lamp will be off when both Cate that does not 
switches are closed. The NAND gate takes its name from NOT and Somat mor, A 
AND. Its outputs are the inverse of the AND gate. are logic low. An 

Figure 7-15 displays a two-input NAND logic gate symbol, its inverted AND. 
Boolean expression, and its truth table. Notice that the NAND gate can 
be built by connecting an AND gate in series with a NOT gate. Using 
the De-Morgan theorem, sometimes also called the Bubble method, 
you can convert a NAND gate to an OR gate with inverted inputs 
where (A - B)’ = A’ + B’. 

Figure 7-16 displays that there are two different types of ladder 
logic diagrams that perform the NAND function. 

e Both normally closed inputs I:0/0 and 1:0/1 must be energized 

(opened) to turn off the output O:0/0. 


] 
Switch A 
Lamp on= 1 


1kQ 
Lamp off = 0 


] 
Switch B 


+ = 
Sv 
Figure 7-14. Electric circuit emulating a NAND gate. 


Boolean expression: Y = A - B = A + B 


Y=A-B 
B 
Y= Ar B 
Truth tabl 
A-B ruth table 
NAND gate 


Figure 7-15. Boolean expression, gate symbol, and 
truth table for a NAND logic gate. 
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e When both normally open inputs I:0/2 and 1:0/3 are energized 
(closed), the relay coil B3:0/0 is energized. Then the normally 
closed contact B3:0/0 is opened to turn off output O:0/1. 


$i 7.8 NOR Gates 


NOR gate: The function of a NOR logic gate is simulated in the electric cir- 
i oie ae A - cuit displayed in Figure 7-17. Notice that the lamp will be ON when 
AE - oge aren both switches are open. The NOR gate takes its name from NOT and 
inverted OR. OR. Its outputs are the inverse of the OR gate. 


0000 


0001 


0002 


CO = T 


Figure 7-16. Ladder logic diagram for a NAND gate. 


Lamp Oneal 


lamp off = 6 


5V 


Figure 7-17. Electric circuit emulating a NOR gate. 
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Figure 7-18 displays a two-input NOR logic gate symbol, its 
Boolean expression, and its truth table. Notice the NOR gate can be 
built by connecting an OR gate in series with a NOT gate. Using the 
De-Morgan theorem, you can convert a NOR gate to an AND gate 
with inverted inputs where (A + B)’ = A’- B’. 

Figure 7-19 displays that there are two different types of ladder 
logic diagrams that perform the NOR gate function. 

e Both normally closed inputs I:0/0 and I:0/1 must be de- 

energized (remain closed) to turn on the output O:0/0. 


Boolean expression: Y=A+B=A-B 


A a 
Y=A+B 
» /De* 
A = 
» | iS Y=A+B 
B 
Truth table 


NOR gate 


Figure 7-18. Boolean expression, gate symbol, and 
truth table for a NOR logic gate. 


Lee TO 
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0 1 
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Figure 7-19. Ladder logic diagram for a NOR gate. 
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XOR gate: 

Gate that generates a 
logic high output when 
one input is logic high 
and the other input is 


logic low or vice versa. 


e When both normally open inputs I:0/2 and I:0/3 are de-energized, 
the relay coil B3:0/0 is de-energized. Then the normally closed 
contact B3:0/0 remains closed to turn on output O:0/1. 


i 7.9 XOR (Exclusive OR) Gates 


The function of an XOR (exclusive OR) gate is simulated in the 
electric circuit displayed in Figure 7-20. Notice that the lamp will be 
on if one switch is open while the other switch is closed. 

Figure 7-21 displays an XOR logic gate symbol, its Boolean expres- 
sion, and its truth table. Looking at the truth table, you can see that 
either inputs A or B (but not both) must be high to produce a high 
output. One input must be ON and the other one OFF in order to have 
the output ON. 

Figure 7-22 displays a ladder logic diagram that performs the 
function of an XOR gate. When I:0/0 is on, I:0/1 must be off and vice 
versa in order to turn on output O:0/0. When either Pushbutton #1 or 
Pushbutton #2 is pressed, the output is ON. When both pushbuttons 
are pressed, output is OFF. 


Switch A Switch B 


Emo en =] 


fambp oft =O 


5 V 


Figure 7-20. Electric circuit emulating an XOR gate. 


Boolean expression: Y = A@B=A-B+A-B 


D = 


XOR gate 


Figure 7-21. Boolean expression, gate symbol, and truth table for 
an XOR logic gate. 
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0000 


oooi pn sind 


Figure 7-22. Ladder logic diagram for an XOR gate. 


ži 7.10 XNOR (Exclusive NOR) Gates 


The function of an XNOR (exclusive NOR) gate is simulated in XNOR gate: 
the electric circuit displayed in Figure 7-23. Notice that the lamp will ste m alles a 
be on when either both switches are open or closed. The lamp will not i er n nae she 
be on if only switch A is activated, or if only switch B is activated. logic high or both inputs 
Figure 7-24 displays an XNOR logic gate symbol, its Boolean are logic low. 
expression, and its truth table. Notice the XNOR gate can be built by 
connecting an XOR gate in series with the NOT gate. When either or 


both pushbuttons are pressed or not pressed, the output is ON. 


Switch A Switch B 


Lamp on = | 


ue Lamp off = 0 


5V 


Figure 7-23. Electric circuit emulating an XNOR gate. 
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Karnaugh map: 

A tool that can be used 
to simplify Boolean 
expressions. This is an 
older, difficult method 
for Boolean expression 
simplification. 


Boolean expression: Y = A®B = A - B + A - B 


D aa 


XNOR gate 


Figure 7-24. Boolean expression, gate symbol, and 
truth table for an XNOR logic gate. 


Figure 7-25 displays that there are two different types of ladder 
logic diagrams that perform the XNOR function. 
e Both inputs I:0/0 and I:0/1 must be on or off to turn on the 
output O:0/0. 


e When I:0/2 is on and input I:0/3 is off or vice versa (i.e, XOR 
gate), the relay coil B3:0/0 is energized. Then the normally 
closed contact B3:0/0 opens to turn off output O:0/1. 


q 7.11 Simplifying Boolean Expressions 
| 


In previous sections, the use of Boolean expressions, truth tables, and 
logic gate circuits were studied. You saw how logic gates were converted 
to PLC ladder logic diagrams. In this and the next two sections, you will 
study how to create PLC ladder logic diagrams from truth tables. 

To convert a truth table to a PLC ladder logic diagram, you must first 
find its simplified Boolean expression. The next step is to use the gate logic 
to PLC ladder diagram conversion routine to create the PLC ladder logic 
diagram. Three methods are used to simplify Boolean expressions. 

e Karnaugh maps. 


e Quine-McCluskey routine. 
e Electronic simulation software. 


Karnaugh Maps 


Karnaugh maps (K-Map) are graphical representations of truth 
tables. They use columns and rows to represent each term in a truth 
table. For an n-variable input truth table, there are 2” boxes in a 
Karnaugh map. For example, for a two-input truth table, four boxes (22) 
are needed. A K-Map has a box for every line in the truth table. 

Binary numbers are placed above each column and to the left of 
each row. Figure 7-26 shows how binary numbers related to the input 
values are placed in a two-input, three-input, and four-input K-Map. 
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0000 


0001 


0002 


0003 


Figure 7-25. Ladder logic diagram for an XNOR gate. 


Notice that the input values are placed so that the values for adjacent 
columns and rows change only a single bit. For example, for a three- 
input K-Map, binary numbers related to inputs A and B are placed 
above the columns in the order 00, 01, 11, and 10. Binary numbers 
related to input C are placed to the left of the rows in the order 0 and 1. 
This ordering follows the Gray code system explained in Chapter 3. 

To use the K-Map, the expression must be in a sum of products 
(SOP) form, such as AB’ + BC. This means that the Boolean expres- 
sion consists of groups that are created from ANDed inputs. Then, the 
groups are summed (ORed) to create the entire Boolean expression. 
Use the following steps and refer to Figure 7-27 to simplify the Bool- 
ean expressions using K-Maps. 

1. Select an appropriate K-Map that has the correct number of 
input boxes, such as two-input and three-input. As stated, for 
an n-variable input truth table, there will be 2” boxes. Therefore, 
for a two-variable (A and B) input table, there will be 2? boxes, or 


4 boxes. 
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Two-Input Karnaugh Map 


Three-Input Karnaugh Map 


SSO 3 ©& Ole 
—-O-0-0-9019 


Four-Input Karnaugh Map 


AB 
GD 00 01 11 10 


SEs ae yee) a (6) O Sa = Ola 


S 


Figure 7-26. Two-input, three-input, and four-input K-Maps. 
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Correct Incorrect 


01 1] 


Group 
of 3 


Incorrect 
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Group 
of 5 


B 
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A 
B 0 ] 
Correct Incorrect 
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© 00 01 1] 10 


Correct Incorrect 
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Figure 7-27. Simplifying Boolean expressions using K-Maps. A—Grouping pairs of binary 1s in 
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adjacent cells. B—Grouping even number of 1s in adjacent cells. C—Grouping 1s in the adjacent 


cells. D—Groups must be as large as possible. E—Groups can wrap around the K-Map. 
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2. Plot only the terms in which Y = 1. 
3. Follow the rules below for grouping the 1s in the K-Map that 
lead to simplifying the expression. 
e Adjacent groups with binary number 1 in them must be 
combined in groups of 1, 2, 4, 8, 16, and so on. See Figure 7-27A. 
e Each group must contain an even number of binary 1s. See 


Figure 7-27B. 

e Every 1 in adjacent cells must be included in a group. See 
Figure 7-27C. 

e The same 1 can be used in two or more overlapping groups. 
See igure 27. 


e Each group should be as large as possible. See Figure 7-27D. 

e The map can be considered closed, so that the end boxes 
are grouped adjacently (top and bottom, or left and right). 
Figure 7-27E shows how groups wrap around the K-Map. 

4. Write the Boolean expressions for each group, and then simplify 
the expression by retaining only the common variables. See 
Figure 7-28. 

5. Then, sum the common variables from each group to create 
the simplified sum of product (SOP) Boolean expression. See 
Figure 7-28. 


A 
0 
0 
0 
0 
1 
1 
] 
Group 3 


= = O O 2 s O Ole 
—-O-0-0-9019 
—--O++O-oO0Od0/|< 


Boolean expression for each group: 


Croup l = A’B C)+ AB C) 


Common variables = BC’ 


Group 2 =(A)B C)+(A)B’ C) 


Common variables = AC’ 


Group 3 = B)C’ + B)C 


Common variables = AB 


Simplified SOP Boolean expression: 
Y = BC’ + AC’ + AB 


Figure 7-28. Simplified sum of product (SOP) Boolean Expression. 


Chapter 7 Programming Logic Gate Functions in PLCs 155 


The example displayed in Figure 7-29 illustrates how to use a 
Karnaugh map to find the simplified SOP Boolean expression. Exam- 
ine the steps used to simplify. 

1. There are three inputs: A, B, and C. Therefore, select a three- 
input Karnaugh map. Note that the map will have 2° (8) boxes. 

2. Plot only the terms in which Y = 1. 

3. Group the adjacent logic highs (1s). Remember, each group 
should be as large as possible. For this Karnaugh map, there is 
only one group. 

4. Then, write the expression for the group and then simplify the 
expression by retaining the common variable(s). The simplified 
SOP Boolean expression is Y = C. 


Quine-McCluskey Routine 


For more than five inputs, the Karnaugh map method becomes 
very difficult. Therefore, for more than five input variables, the 
Quine-McCluskey routine is a better method for simplifying Boolean Quine-McCluskey 
expressions. The Quine-McCluskey routine is a complicated method routine: 
h he Bool Igebraic simplification rules to find the simpli- 1001 #599 #8 an advanced 
that uses the boolean algebraic simplficati ip Boolean expression 
fied Boolean expression. We will not study the theory of the Quine- simplification routine. 
McCluskey method in this textbook, but you should know that this 


method exists and might be used in an advanced course. 


01 


oo [8 AB 
C 00 11 10 


23 == = © O © Ols 
= = Ə Os a © Əl 
= © = © = O = OlG 
See en ey 1 eS 


Boolean expression for each group: 
Group 1 = A’ B’(©}+ A’ BO ABO©+A B'O) 
Common variable(s) = C 


Simplified SOP Boolean expression: 
YC 


Figure 7-29. Using a Karnaugh map to find a simplified Boolean expression for Example 7-1. 
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Electronic Circuit Simulation 


Using electronic circuit simulation software to find the simplified 
Boolean expression is the easiest method. This type of software allows 
you to enter the input and output data and solves and simplifies the 
expression for you. 

An example of this type of software is NI Multisim. In Example 7-2, 
you will learn how to use NI Multisim to find the simplified Boolean 
expression of a truth table. If you have access to this software, work 
through the following example. 


Example 7-2 


Open the NI Multisim program. From the Instruments toolbar, 
click the Logic Converter icon. Then, click a space in the work area 
to place the converter. Double-click the Logic Converter image to 
open the Logic Converter dialog box. Figure 7-30 displays the Logic 
Converter instrument and dialog box. Click the inputs A, B, C, and D 
since your example truth table has those four inputs. Next, click the 
output column and type the output bits for the truth table displayed in 
Figure 7-31 (column Y). Click the Simplify button to find the simpli- 
fied Boolean expression: 


ACD + B’CD + BC’D + ABCD’ 


The answer appears in the rectangle at the bottom of Figure 7-30. 
The simplified Boolean expression consists of the sum of four product 


Truth Table: 


Figure 7-30. Truth table for Example 7-2. 
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expressions. Therefore, four rungs must be connected in parallel. Each 

rung has series input devices on it. Figure 7-32 displays the PLC lad- 

der logic diagram created from the simplified Boolean expression. 
SS ye SSS ees 


Logic converter 
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; ACD CD+BC D+A8CO 
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Figure 7-31. Using the Logic Converter instrument to find the simplified 
Boolean expression for Example 7-2. 


ACD CD BE DA ABCD = V 
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0001 


Figure 7-32. PLC ladder logic diagram for Example 7-2. 
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E 7.12 Creating PLC Ladder Logic Diagrams 
from Logic Gate Circuits 


In previous sections, you learned how to create PLC ladder logic 
diagrams for the logic gates. To create the ladder logic diagram from 
a logic gate circuit, you must convert each gate to its equivalent ladder 
logic diagram. Note that these simple conversions were discussed in 
sections 7.4 through 7.10. In this section, three examples are used to 
illustrate how to create PLC ladder logic diagrams for logic gate cir- 
cuits. Study the procedures used in the following examples. 


Example 7-3 


Create the PLC ladder logic diagram for the logic gate circuit dis- 
played in Figure 7-33. 

Examine Figure 7-33. The pilot light red (PLTR) output section 
has three inputs: PBR, PBG, and SW. Pushbutton red (PBR) and push- 
button green (PBG) are inputs to an XOR logic gate. The output of 
the XOR logic gate and the inverted switch (SW) are inputs to a two- 
input AND logic gate. These inputs generate the pilot light red (PLTR) 
output. 

The two-input AND logic gate output is also fed into a two-input 
NAND logic gate. The temperature switch (TSW) is another input to 
the NAND logic gate. The output generated from the NAND logic 
gate is labeled pilot light white (PLTW). 

Using the transformations described in Section 7.7 (on NAND 
gates) and Section 79 (on XOR gates), you can generate a PLC ladder 
logic diagram. Figure 7-34 displays the PLC ladder logic diagram for 
Example 7-3. 


PBR 


ey 
PBG ag’ 


SW 


PLTW 


Figure 7-33. Logic gate circuit for Example 7-3. 
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SW PLTR (AND output) 


PLTW (NAND output) 
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Figure 7-34. PLC ladder logic diagram for Example 7-3. 


Example 7-4 


Create the PLC ladder logic diagram for the logic gate circuit dis- 
played in Figure 7-35. 

Pushbutton red (PBR) and pushbutton green (PBG) are inputs to a 
two-input AND gate. The output of the AND logic gate and the switch 
(SW) are inputs to a two-input OR logic gate. The output of the OR 
logic gate and an inverted temperature switch (TSW) are inputs to a 
second AND logic gate. This AND logic gate generates the output for 
pilot light red (PLTR). 
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Using the transformations from Section 75 (AND gates) and 
Section 7.6 (OR gates) you can create the PLC ladder logic diagram. 


Figure 7-36 displays the PLC ladder logic diagram for Example 7-4. 
pO 


PBG 


SW 
PLTR 


TSW 


Figure 7-35. Logic gate circuit for Example 7-4. 
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Figure 7-36. PLC ladder logic diagram for Example 7-4. 
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Create the PLC ladder logic diagram for the logic gate circuit dis- 
played in Figure 7-37. 

Inputs A and B are fed into an XNOR logic gate. Inputs D and E 
are fed into a NOR logic gate. Outputs of the XNOR and NOR logic 
gates plus input C are fed into a three-input OR logic gate. The three- 
input OR logic gate generates output Y. Figure 7-38 displays the PLC 
ladder logic diagram for Example 7-5. 


pi 7.13 Creating PLC Ladder Logic Diagrams 
from Boolean Expressions 


Some manufacturers use Boolean expressions to program their 
PLCs. In this section, you will learn how to use Boolean expressions 
to create PLC ladder logic diagrams. 

Work through the following three examples that illustrate how to 
create ladder logic diagrams for Boolean expressions. 


Example 7-6 


Create the PLC ladder logic diagram for the following Boolean 
expression. 


¥oA +B+CD+ EB 


To create the diagram, each rung or each portion of a rung is 
created by replacing the Boolean letter with the inputs that match. 
Figure 7-39 summarizes the Boolean expressions and ladder diagrams 
for the logic gates covered in Sections 7-4 through 7-10. 


Figure 7-37. Logic gate circuit for Example 7-5. 
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0001 


Figure 7-38. PLC ladder logic diagram for Example 7-5. 


Figure 7-40 displays the PLC ladder logic diagram. Notice that 
inverted A, B, CD, and EB inputs are in parallel (OR). Inputs C and D 
are in series (AND). Inputs E and B are also in series (AND). 


Example 7-7 


Create the PLC ladder logic diagram for the following Boolean 
expression. 
Y= (AB) + AC t be 
Figure 7-41 displays the PLC ladder logic diagram. Notice that 
inverted A and B inputs are in series to generate output at the control 


relay. Then, the inverted output of AB is in parallel with AC and BC. 
Á M 
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Figure 7-39. Boolean expression and ladder diagram summary. 
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Y=A’'+B+C-D+E-B 
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Figure 7-41. PLC ladder logic diagram for Example 7-7. 


Chapter 7 Programming Logic Gate Functions in PLCs 165 


Example 7-8 


Create the PLC ladder logic diagram for the following Boolean 
expression. 
Y=(A+B)-(C+D) 
Figure 7-42 displays the PLC ladder logic diagram. Notice that 


A is in parallel with B and C is in parallel with D. Then, (A + B) and 
(C + D) are in series. 


fi 7.14 Creating Logic Gate Circuits from PLC 
Ladder Logic Diagrams 


In Sections 7.11, 7.12, and 7.13, you learned how to create PLC lad- 
der logic diagrams from truth tables, logic gate circuits, and Boolean 
expressions. In this section, you will see the reverse process. You will 
use examples to study how to convert PLC ladder logic diagrams to 
logic gate circuits. The first step in this process is to find the Bool- 
ean expression that represents the ladder logic diagram. You can then 
draw the logic gate circuit using the Boolean expression similar. You 
can also use the logic converter instrument in the NI Multisim pro- 
gram to find truth tables and Boolean expressions from the logic gate 
circuits. Three examples are used to illustrate how to convert PLC lad- 
der logic diagrams to logic gate circuits. 


Example 7-9 


Create the logic gate circuit for the PLC ladder logic diagram 
displayed in Figure 7-43. First, turn the PLC ladder logic diagram 
shown in Figure 7-43 into a Boolean expression as shown in the ladder 


0000 


0001 


Figure 7-42. PLC ladder logic diagram for Example 7-8. 
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0000 


AB + CDS 


Y=A-(A-(@'+C-D):C’)’ 


0001 


0002 


Figure 7-43. PLC ladder logic diagram for Example 7-9. 


diagram. Notice that in rung 0000, inverted input B is in parallel 
(ORed) with serial (ANDed) inputs C and D. This is represented by 
the following expression: 

beep 

This combination (B’ + C - D) is in serial (ANDed) with input A 
and inverted input C’ in rung 0000. Therefore, the control relay output 
for this rung is the following: 

A (be GW) C 

In rung 0001, input A is in serial (ANDed) with the inverted out- 
put of the control relay from rung 0000 to generate the Boolean expres- 
sion for output Y: 

Y=A-[A-(B’+C-D)-C]’ 

Next, create the logic gate circuit using the Boolean expression 
from Figure 7-43. Figure 7-44 displays the logic gate circuit for this 
example. Notice that ANDed inputs C and D and inverted input B are 
ORed for the following Boolean expression: 

be CD 

Then, this is ANDed with input A and inverted input C for the 
following Boolean expression: 

A a (8 = C o D) en 

Finally, this output is inverted and ANDed with input A for the 
output of Y: 

Y=A-[A-(B’+CD)-C’]’ 
a ed yey 
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a (eet Cy C’ 


¥ =A=(A-(B +CD)-C’) 


Figure 7-44. Logic gate circuit for Example 7-9. 


Example 7-10 


Create the logic gate circuit for the PLC ladder logic diagram dis- 
played in Figure 7-45. First, turn the PLC ladder logic diagram shown 
in Figure 7-45 into a Boolean expression as shown in the ladder dia- 
gram. Notice that in rung 0000, inputs C and D in the bottom paral- 
lel branches create an XOR logic gate (CD’ + C’D). This is in parallel 
(ORed) with input B, forming the following Boolean expression: 


B+(C-D’+C’-D) 


0000 
Y=A-(B+(C-D +€ =p) 
B4(€-D' #C =p) 
CDF FCD 
0001 


Figure 7-45. PLC ladder logic diagram for Example 7-10. 
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| C-D + Cab 
D TOn 
B+(C-D'+C’-D) 


YEA “(CD Ce.) 


Figure 7-46. Logic gate circuit for Example 7-10. 


Finally, this combination is in serial (ANDed) with input A to 
generate output Y: 


Y= A- pee -D +C- DI 
Next, create the logic gate circuit using the Boolean expression from 
Figure 7-45. Figure 7-46 displays the logic gate circuit for this example. 
Notice that inputs C and D are XORed and then ORed with input B. 
This combination is then ANDed with input A for the output of Y: 


Y=A-(B+(C-D’2C_D)] 


Example 7-11 =e 


Create the logic gate circuit for the PLC ladder logic diagram 
displayed in Figure 7-47. First, turn the PLC ladder logic diagram 
shown in Figure 7-47 into a Boolean expression as shown in the ladder 
diagram. Notice that in rung 0000, parallel (ORed) inputs A, B, and 
inverted C are in parallel (ORed) with the output from the control 
relay which is in series (ANDed) with inverted input D, forming the 
following Boolean expression: 


(A+B+C’)+[D’-(A+B+C’+D%] 
Finally, inverted input E’ in rung 0001 is in serial (ANDed) with 
the output of the control relay. This is equal to the output of Y: 
Y=E {(A+B+C)+[D’-(A+B+C’'+D%}} 
Next, create the logic gate circuit using the Boolean expression 


from Figure 7-47. Figure 7-48 displays the logic gate circuit for this 
example. 


a ee] 
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0000 
A+B+C (A+B+C’)+(D':(A+B+C'+D’)) 
(D - (A+B+C +D) 
I:0 B3: Y=F KABO) + O ABC D 
a 0 
0002 


Figure 7-47. PLC ladder logic diagram for Example 7-11. 


(A+B+C’)+(D’'-(A+B+C' +D?) 


V=E’ f(A+B+C)+(D'-A+B+C' +D) 


(A+B+C’+D’) 
E 


Figure 7-48. Logic gate circuit for Example 7-11. 


170 Programmable Logic Controllers: Hardware and Programming 


q Summary 


Combinational logic gates do not require clock pulses to operate. 
Combinational logic gates are called logic gates. There are seven 
logic gates: NOT, AND, OR, NAND, NOR, XOR (exclusive OR), 
and XNOR (exclusive NOR). 

Sequential logic devices require clock pulses and have outputs 
that depend on their inputs as well as time. 

Flip-flop devices such as reset-set (RS), JK, delay (D), and toggle (T) 
are sequential logic devices. 

Every gate logic function has its own equation called a Boolean 
expression. 

A type of algebra using only two states is called Boolean algebra 
in honor of Boole. 

In Boolean algebra, the true state is represented by the number 
one, called logic high or logic one. The false state is represented 
by the number zero, called logic low or logic zero. 

In Boolean algebra, a table, called a truth table, contains the 
digital input and output points. 

A prime symbol (’) indicates the inverse value of the input. 

The output of a NOT gate is the inverse of the input. The NOT 
gate is sometimes called an inverter. 

Karnaugh maps (K-Maps) are graphical representations of truth 
tables that use columns and rows to represent each term in a 
truth table. 


q Review Questions 


Complete each of the following sentences with the correct word(s). 


i 


When the input to a NOT gate is a logic high, the output is a 
logic ; 


- You can create a NOT gate ladder logic diagram using either one 


rung or rungs. 


. In an one-rung NOT gate ladder logic diagram, the input 


instruction must be normally 


- Ina two-rung NOT gate ladder logic diagram, the input 


instruction must be normally 


. Ina two-rung NOT gate ladder logic diagram, you must use a(n) 


contact. 


- In an AND gate ladder logic diagram, when both inputs are 


closed, the output is 


In an AND gate ladder logic diagram, when both inputs are 
open the output is 


. An AND gate ladder logic diagram requires 
- Ina NAND gate ladder logic diagram, when both inputs are 
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- In an AND gate ladder logic diagram, when one input is closed 


and the other one is open, the output is 


rung(s). 


open, the output is 


- Ina NAND gate ladder logic diagram, when both inputs are 


closed, the output is 


- Ina NAND gate ladder logic diagram, when one input is closed 


and the other one is open, the output is 


- You can create a NAND gate logic diagram using either one 


rung or 


- In an one-rung NAND gate ladder logic diagram, the inputs 


must be in 3 


- In an OR gate ladder logic diagram, when both inputs are closed, 


the output is 


- In an OR gate ladder logic diagram, when both inputs are open, 


the output is 


- In an OR gate ladder logic diagram, when one input is closed 


and the other one is open, the output is 


. An OR gate ladder logic diagram requires rung(s). 
. The input for an OR gate ladder logic diagram must be normally 


. Ina NOR gate ladder logic diagram, when both inputs are open, 


the output is 


. Ina NOR gate ladder logic diagram, when both inputs are 


closed, the output is 


- Ina NOR gate ladder logic diagram, when one input is closed 


and the other one is open, the output is 


. Ina one-rung NOR gate ladder logic diagram, both inputs must 


benormally 


. Ina two-rung NOR gate ladder logic diagram, inputs are 


connected in 


. Inan XOR gate ladder logic diagram, when both inputs are open, 


the outputis ____ 


. In an XOR gate ladder logic diagram, when both inputs are 


closed, the output is 


. In an XOR gate ladder logic diagram, when one input is closed 


and the other one is open, the output is 


. The inputs in an XOR gate ladder logic diagram are connected in 


and 


. The inputs in an XOR gate ladder logic diagram are normally 


and 
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30. 


ol 


on 


29 


In an XNOR gate ladder logic diagram, when both inputs are 
open, the output is 

In an XNOR gate ladder logic diagram, when both inputs are 
closed, the output is 

In an XNOR gate ladder logic diagram, when one input is closed 
and the other one is open, the output is 

In a one-rung XNOR gate ladder logic diagram, the normally 
closed inputs are connected in 


Specify if the following statements are true or false. 


34. 


35: 


36. 
De 


38. 


39 
40. 


41. 


42. 


Both inputs to an AND gate must be high to produce a high 
output. 


Both inputs to a NAND gate must be high to produce a high 
output. 


Inverting a NAND gate will result in creating an AND gate. 


Only one input to an OR gate must be high to produce a high 
output. 


Both inputs to a NOR gate must be high to produce a high 
output. 


Inverting an OR gate will result in creating a NOR gate. 


Both inputs to an XOR gate must be high to produce a high 
output. 

Both inputs to an XNOR gate must be high to produce a high 
output. 


All three inputs to a three-input AND gate must be high to 
produce a high output. 


Create a PLC ladder diagram for the truth tables in the following problems. 


43. 
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44. 


Create a PLC ladder diagram for the relay logic diagrams in the following 
problems. 


45. A 


B 
@ 


D 
E 


F Y 


46. 


wD 
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Create a relay logic diagram for the ladder diagrams in the following problems. 


47. LI B 


48. LI 2 


Create a PLC ladder diagram for the Boolean expressions in the following 
problems. 


49. Y=(A'+B)+(A+B+CY 

50. Y = A'B'C + AB’ + ABC’ 

51. Y = B'(A + C) + C(A + B) + AC 

52. Y = (AB + AB’) x (AB + AB) + ABC 


as Saas: Si a fit a] 
Be Peres ; Chapter 8 
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PLC Timer Instructions 


pi Chapter Outline 


8.1 Introduction 

8.2 Timer Instructions 

8.3 PLC Timer Instruction Registers 

8.4 Fixed Preset Value Non-retentive Timer ON-Delay Instructions 
8.5 Variable Preset Value Non-retentive Timer ON-Delay Instructions 
8.6 Retentive Timer ON-Delay Instructions 

8.7 Timer OFF-Delay Instructions 

8.8 Interlocking Timers 

8.9 Cascading Timers to Increase the Timing Value 


q Technical Terms 


fixed timer preset register done bit (DN) 

variable timer accumulated register retentive timers 
ON-delay timer status register non-retentive timers 
OFF-delay timer data file four (T4) move (MOV) instruction 
single-input timer timer base number reset (RES) instruction 
double-input timer enable bit (EN) interlocked timers 

coil format timer timing bit (TT) cascading 


block format 


J Learning Objectives 


After completing this chapter, you will be able to: 
Use non-retentive and retentive timer ON-delay instructions to 
create PLC ladder logic diagrams. 

e Use move (MOV) instructions to create variable preset value 
timer instructions. 

e Use OFF-delay timers to create PLC ladder logic diagrams. 

e Connect timer instructions to interlock each other. 

e Cascade timer instructions in a PLC ladder logic diagram to 
increase the timer preset values. 
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Fixed timer: 
Timer that has a fixed 
preset value. 


Variable timer: 
Timer that allows its 
preset value to be 
changed. 


q 8.1 Introduction 


Timers are important devices used in industrial control systems. 
There are three types of timers used in industrial control systems: 
e Analog or mechanical timers. 


e Digital or solid-state timers. 
o> PEC timers: 


Analog or mechanical timers are used in older relay logic control 
systems. These types of timers can be categorized into three types: 
motor driven timers, RC time constant circuits, and potentiometers. 

Motor driven timers use a small electric motor that rotates at a 
specific RPM (revolutions per minute). A metallic disk is connected 
to the motor shaft. While the motor shaft rotates, outward grooves on 
the metallic disk open or close switches. An example of this type of 
timer is found in washing machines in homes. 

Connecting a resistor in series with a capacitor creates an RC time con- 
stant circuit. The RC time constant, T, is equal to the product of resistance 
and capacitance. Approximately five times the RC time constant (5t) rep- 
resents the time required to charge or discharge the capacitor. This type of 
timer can be used to provide a one-shot pulse after a specific time delay. 

The resistance value of a variable resistance device called a poten- 
tiometer can be adjusted to create a specific time delay in an electric 
circuit. This type of time adjustment is ordinarily used in power elec- 
tronic drives. Power electronic drives generate variable output volt- 
ages and frequencies for fixed input voltages. 

Digital or solid-state timers are technologically better than the mechani- 
cal or analog timers. These timers are smaller and more reliable. A popular 
digital timer chip is the 555 timer. Digital timers are used in digital circuits. 

Timers used in older relay logic diagrams required extensive wir- 
ing. These mechanical timers were large in physical size. Therefore, a 
relay logic control system in which many timers were used took up 
a large space. Additionally, modifying the relay logic panel required 
rewiring. This was time-consuming. The programmable logic con- 
troller system contains many internal timers. Therefore, when a PLC 
device is used, several internal timers are included. PLC timer instruc- 
tions are also more versatile. One can use either fixed timers, which 
have preset value timer instructions, or you can create variable timers, 
which have preset registers that can be changed. 

This chapter introduces you to the concept of PLC timers and their 
industrial applications. A general discussion about PLC timers is followed by 
specific explanations of each PLC timer type. You will also learn how to con- 
nect several PLC timer instructions to generate larger timer preset values. 


$j 8-2 Timer Instructions 


In the relay logic diagrams, symbols are used to represent timer 
coils and their associated timer contacts. Figure 8-1 displays symbols 
for the timer contacts. 
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Normally open ON-delay timer contact => 
Normally closed ON-delay timer contact eas a 
Normally open OFF-delay timer contact = 


Normally closed OFF-delay timer contact eo a 


Figure 8-1. Contact symbols for relay logic timer instructions. 


There are two types of timer instructions: ON-delay timers and 
OFF-delay timers. ON-delay timers start timing when their timer 
coils are energized. Then, their normally open contacts close and 
their normally closed contacts open when the timer is finished tim- 
ing. The timer contacts immediately revert to their normal states when 
the timer accumulated register resets to zero. Notice how the delay 
timer works. There is a delay before the contacts switch when the ON- 
delay timer turns on. However, there is no delay in switching when 
the timer turns off. Figure 8-2 displays a relay logic diagram that uses 
a single-input ON-delay timer. 

When the normally open switch (SW1) is closed, timer coil T1 is 
energized and starts timing. After five seconds, the timer is done and 
its associated normally open contact T1-1 closes to turn on the motor. 
The normally closed contact T1-2 opens to turn off the green light. 

OFF-delay timers start timing when their timer coils are 
de-energized. Then, their normally open contacts close and their nor- 
mally closed contacts open when the timer is finished timing. The 
contacts revert to their normal states when the timer accumulated reg- 
ister resets to zero. Figure 8-3 displays a relay logic diagram that uses 


SW] 


Figure 8-2. A relay logic diagram example 
using an ON-delay timer. 


ON-delay timer: 
Timer that must be 
energized to start timing. 


OFF-delay timer: 
Timer that must be de- 
energized to start timing. 
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Single-input timer: 


Timer that has only one 
input for enable and run 
commands. 


Double-input timer: 
Timer that uses one 
input to enable and 
another input to run. 


Coil format: 

Format that uses coils 
to display the timer 
instruction. 


Block format: 

Format that uses a box 
shape to display the 
timer instruction. 


Figure 8-3. A relay logic diagram example using an 
OFF-delay timer. 


a single-input OFF-delay timer. Notice it works opposite of the ON- 
delay timer. There is no delay when coil T2 is energized. There is a six 
second delay when coil T2 is de-energized. 

When the normally closed switch (SW2) is open, timer coil T2 is 
de-energized and starts timing. After six seconds, the timer is done 
and its associated normally open contact T2-1 closes to turn on the 
green light. The normally closed contact T2-2 opens to turn off the 
motor. 

Figure 8-2 and Figure 8-3 display relay logic diagrams that con- 
tain single-input timer instructions. Single-input timers have only 
one input for enable and run commands. Some timer instructions use 
two inputs. One input is used to enable and reset the timer while the 
other input is used to start the timer. This setup is referred to as a 
double-input timer. Figure 8-4 displays two ladder logic diagrams 
that use double-input timers. 

Notice that for the ON-delay timer instruction, the normally open 
input instructions must be closed to enable and start the timer coil. 
However, for the OFF-delay timer instruction, the normally closed 
instructions must be opened to enable and start the timer coil. 

In Figure 8-4, PLC ladder logic diagrams are displayed that use 
the coil format symbol. The coil format uses coils to display the timer 
instruction. The more common symbol for displaying timer instructions 
is the block format. The block format uses a box shape to display the 
timer instruction and is used in Figure 8-5. 

Figure 8-5 displays a two-input block format of an ON-delay timer. 
Input number two (IN02) is closed to enable the timer. Then, input one 
(INO1) is closed to start the timer. Figure 8-6 displays a single-input 
block format of an ON-delay timer. When input one (IN01) is closed, 
the timer is enabled and starts timing. 

Allen-Bradley SLC 500 series programmable logic controllers 
use the single-input block format symbols to display the PLC timer 
instructions. Therefore, this chapter will use the single-input block 
format symbols to represent the timers. 
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INO1 Run INOT Run 


IN02 Enable/Reset 


IN02 Enable/Reset 


CR 


CR Timer output Timer output 


14 sec. 


14 sec. 
ON-delay timer OFF-delay timer 


Figure 8-4. Two-input timer ON-delay shown with 
two-input timer OFF-delay. 


INO] 


en o 
Preset 
INO2 015 
Enable 


Figure 8-5. Block format for a two-input ON-delay 
timer instruction. 


INOI 


Preset 
015 


Figure 8-6. Block format for a single-input 
ON-delay timer instruction. 


| ! 8.3 PLC Timer instruction Registers Preset red c 
. : . : . Register that holds the 
In programmable logic controller devices, each timer instruction m ero; comme 
uses three registers. These registers are the following: number. 
e Preset register. Accumulated register: 
Register that holds 
e Accumulated register. Poe 


e Status register. accumulated value. 
Status register: 


The content of the preset register is the preset value that the 
: o : m: ; Register that holds the 
timer is initialized to hold. The time that the timer has been timingis  statusbits. Also called 
held in the accumulated register. The status register, also called the > flag register. 


180 Programmable Logic Controllers: Hardware and Programming 


Data file four (T4): 


File that holds the timer 
registers. 


Timer base number: 


Number that must 

be multiplied by the 
timer preset number to 
generate the preset timer 
value. 


Enable bit (EN): 


Bit that is set when 

the path of a rung is 
complete (all inouts are 
in the closed state). 


Timer timing bit (TT): 


Bit that is energized 


when the timer is timing. 


Done bit (DN): 

Bit that is set when 

the instruction has 
completed its task, such 
as reaching its preset 
value or length value. 


flag register, holds the flag bits that are used by the PLC processor to 
monitor the status of the timer. These registers are eight-bit in smaller 
PLCs, sixteen-bit in medium-sized PLCs, and thirty-two bit or higher 
in larger PLCs. 

In this text, you will specifically learn to use Allen-Bradley 
SLC 500 series PLCs. Therefore, the Allen-Bradley SLC 500 series PLC 
timers’ instructions are explained in this and the following sections. 

The Allen-Bradley SLC 500 series PLC reserves data file four (T4) for 
timer instructions. These timers have addresses T4:0 to T4:255. Thus, in the- 
ory, an Allen-Bradley SLC 500 PLC can have up to 256 timers. In practice, 
however, the number of timers is limited by the PLC memory capacity. 

Similar to all other PLCs, each Allen-Bradley SLC 500 series PLC 
timer instruction has three sixteen-bit registers. For example, T4:0.PRE 
and T4:0.ACC are 16-bit preset and accumulated registers for timer 
address T4:0. In addition, the 16-bit status register holds the flag bits. 

The preset register holds the preset number. This number is mul- 
tiplied with the timer base number. The timer base defines the unit of 
time as a fraction of a second or a second. Most commonly used timer 
bases in PLC timers are 0.01 seconds, 0.1 seconds, and 1 second. For 
example, if the content of the preset timer register zero (T4:0.PRE) is set 
for 100, then the preset value is one second (100 x 0.01 = 1 second). The 
result is the preset timer value (in seconds). The fixed SLC 500 PLC has a 
timer base value of 0.01 seconds. However, the rest of the SLC 500 series 
PLCs can be initialized to have a 0.01 or 1 second timer base value. 

The accumulated register holds the accumulated value. T4:0.ACC 
is the 16-bit accumulated register for timer address T4:0. 

The 16-bit status register holds the status flag bits. Three status 
flag bits are user-accessible: 

e Enable (EN) bit. 
e Timer timing (TT) bit. 
e Done (DN) bit. 

T4:0/EN, T4:0/TT, and T4:0/DN bits are the enable, timer timing, 
and done bits for timer address T4:0 respectively. The enable bit (EN) 
energizes when the input contact for the timer ON-delay is closed or 
when the input contact for the timer OFF-delay is opened. The timer 
timing bit (TT) is energized when the timer is timing. The done bit 
(DN) either energizes or de-energizes depending on the timer type 
when the content of the accumulated register is equal to the content of 
the preset register. The done bit (DN) in the timer ON-delay is enabled 
when the timer is done; in the timer OFF-delay instruction, the done 
bit is disabled when the timer is done. Figure 8-7 displays the SLC 500 
timer zero (14:0) user accessible registers and flag bits. Table 8-1 con- 
tains a brief description of user accessible registers and flag bits. 

The Allen-Bradley SLC 500 series PLCs have three different types of 
timers. These are called: 

e Non-retentive timer ON-delay. 


e Retentive timer ON-delay. 
e Non-retentive timer OFF-delay. 
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Data File T4 RS RET EEE Sa a = 


DASE 


ASE PRE 
-01 sec 1000 


Figure 8-7. Registers for timer zero (T4:0). 


_ Registers and Flag Bits Register Address > =~—C Description iis 


ee 


Accumulated register | T4:0.ACC,14:1.ACC, ... | Holds the elapsed time that the timer 


has been timing. 


‘Holds the status flag bits: EN, TT, and DN. 


Status register l 


| Enable bit l 14:0/EN, T4:1/EN, ... Enabled when the timer is timing. 


TAOTE 14:1/TT, ... - Enabled when the timer is timing. — 


Table 8-1. SLC 500 timer instruction registers and flag bits. 


In the following sections you will study each of these timer types. _Retentive timers: 
Retentive timers are timers that hold their accumulated value when Timers that hold their 
disabled. Non-retentive timers are timers that reset when disabled ae ENED 

: ; they are disabled. 


Non-retentive timers: 


pi 8.4 Fixed Preset Value Non-retentive Timer Timers that reset when 
a they are de-energized. 
ON-Delay Instructions 


Figure 8-8 displays a block diagram of an SLC 500 non-retentive 
timer ON-delay with address T4:0. This timer must be connected to an 
examine if closed (XIC) input device. When the normally open input 
(Switch_1) is closed, the timer starts timing. When the normally open 
input (Switch_1) is opened, the timer stops timing and the accumu- 
lated register value resets to zero. 

When the timer is timing, the status bits enable (T4:0/EN) and 
timer timing (T4:0/TT) are on. Therefore, the T4:0/EN coil in Figure 8-8 
is energized for five seconds after input Switch_1 is closed. 

If the timer is allowed to continue timing until the accumulated 
value is equal to the preset value, the timer is done. When the timer 
is done, the done bit (T4:0/DN) is on. Therefore, the T4:0/DN coil is 
energized five seconds after the input Switch_1 is closed. Example 8-1 
illustrates how to use a non-retentive timer ON-delay instruction to 
control two output devices. 
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TON 
Timer ON-delay a 
Timer T4:0 


Time base 0.01 DN )>— 
Preset 500< 


0000 


Accum 0< 


0001 


Figure 8-8. Non-retentive timer ON-delay instruction. 


Example 8-1 


Use a non-retentive timer ON-delay instruction to create the PLC 
ladder logic diagram that accomplishes the following: 
e Closing a normally open switch turns on the timer. 


e Output light one turns on while the timer is timing. 
e Output light two turns on when the timer is finished timing. 


Figure 8-9 displays the PLC ladder logic diagram for Example 8-1. 
When normally open switch one (Switch_1) is closed, timer T4:0 starts. 
While the timer is timing for seven seconds, the timer timing coil 
(T4:0/TT) is energized. Therefore, the normally open timer timing con- 
tact (T4:0/TT) in rung 0001 closes to turn on output light one (O:0/1). 

After seven seconds, the timer finishes timing. Then, the timer 
done coil (T4:0/DN) energizes, and the timer timing coil (T4:0/TT) 


TON 
voog Timer ON-delay EN 
Timer T4:0 


Time base 0.01 DN — 
Preset 700< 


Accum 0< 


0001 eoo 


0002 G 


0003 


Figure 8-9. PLC ladder logic diagram for Example 8-1. 
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de-energizes. Now, the timer timing contact (T4:0/TT) opens to turn 


off output light one (Light_1). Also, the normally closed timer done 
contact (T4:0/DN) closes to turn on output light two (Light_2). 
Whenever the Switch_1 is opened, the timer resets to zero. There- 
fore, the timer done contact (T4:0/DN) opens to turn off light two. 
Notice that the content of the timer preset register (T4:0.PRE) is 
the constant 700. This means that the preset value is set to a constant 
or fixed value of seven seconds (700 x 0.01 = 7 sec.). 


SS a SS 


Be Variable Preset Value Non-retentive 
Timer ON-Delay Instructions 


The preset registers for the timers displayed in Figure 8-8 and 
Figure 8-9 held constant numbers 500 and 700 respectively. In this sec- 
tion, you will learn how to use the move (MOV) instruction in Allen- 
Bradley SLC 500 PLCs to create variable preset value timers. The move 
(MOV) instruction is used for copying the content of one register into 
another or for loading a number into a register. The move instruction 
can be used to create a variable preset timer. 

Example 8-2 illustrates how to create a PLC ladder logic diagram 
that uses the move instruction to have variable values loaded into the 
timer’s preset register. 


Move (MOV) instruction: 
Instruction that is used 
for copying the content of 
one register into another 
or for loading a number 
into a register. The move 
function can be used to 
create a variable preset 
timer. 


Example 8-2 


Use a non-retentive timer ON-delay instruction to create a PLC 
ladder logic diagram that accomplishes the following: 
e Pressing the green pushbutton sets the timer to operate for ten 
seconds. 


e Pressing the red pushbutton sets the timer to operate for fifteen 
seconds. 


e Closing the input switch starts the timer. 
e While the timer is timing, output light one turns on. 
e When the timer has finished timing, output number two turns on. 


Figure 8-10 displays the PLC ladder logic diagram for Example 8-2. 
When the normally open green pushbutton in rung 0000 is pressed, 
the move instruction transfers 1000 to the timer preset register (14:0. 
PRE). However, when the normally open red pushbutton in rung 0001 
is pressed, the move instruction transfers 1500 to the timer preset reg- 
ister (T4:0.PRE). 

Press the green pushbutton, then close the normally open switch 
(Switch_1) in rung 0002 to start the timer (T4:0). While the timer is 
timing, output light one (Light_1) is on for 10 seconds. After 10 sec- 
onds the timer is done. Now output Light_1 turns off and output light 
two (Light_2) turns on. . 

Press the red pushbutton, then close the normally open Switch_1 


in rung 0002 to start the timer (14:0). Now output Light_1 turns on for | 
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:0 MOV 
0000 ; Move 
i Source 1000 
1000< 
Dest T4:0.PRE 
1000< 
J0 MOV 
2 Source 1500 
1500< 
Dest T4:0.PRE 
1000< 
z TON 
0002 Timer ON-delay EN 
Timer T4:0 
Time base 0.01 DN) 
Preset 1000< 
Accum 0< 
EC) 
0003 
aL 
(O)210) 
0004 
2 
0005 End 


Figure 8-10. PLC ladder logic diagram for Example 8-2. 


15 seconds. Then after 15 seconds, output Light_2 turns on. Therefore, 
in this example, two move instructions are used to create a variable 
timer instruction. 

The same task could have been accomplished if two fixed timer 
instructions were used. Figure 8-11 displays a PLC ladder logic dia- 
gram that uses two fixed timer instructions. Notice that if you close 
the normally open Switch_1, timer zero with a 10 second preset value 
starts. If you close the normally open Switch_2, timer one with a 15 
second preset value starts. 

a 
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T30 TON 
0000 Timer ON-delay 
0 Timer T4:0 
Time base 0.01 
Preset 1000< 
Accum 0< 
T 30 TON 
0001 Timer ON-delay 
1 Timer wA 
Time base 0.01 
Preset 1500< 
Accum 0< 
T4:0 
0002 
TI 
T4:1 
TTE 
T4:0 
0003 
DN 
T4:1 
DN 
0004 


Figure 8-11. Using two timer instructions for Example 8-2. 


$i 8.6 Retentive Timer ON-Delay Instructions 


In sections 8.4 and 8.5, non-retentive timers were used to cre- 
ate the PLC ladder logic diagrams. This means when timers were 
de-energized, their accumulated register contents were reset to zero. 

In this section, you will learn how to use a retentive timer. With 
a retentive timer, when the timer is disabled, its accumulated register 
content is saved. The reset (RES) instruction is used to reset a reten- 
tive timer. Example 8-3 illustrates how to use retentive timers to create 
a PLC ladder logic diagram. 


Reset (RES) instruction: 


Instruction that must 
be used to reset the 
retentive timer. 


| Example 8-3 


Examine the PLC ladder logic diagram in Figure 8-12. This is the 
logic diagram for Example 8-3. 
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0000 


0001 


0002 


0003 


0004 


0005 


0006 


0007 
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When Switch_1 is closed, the retentive timer zero (T4:0) starts 
timing and the green pilot light (Green_PLT) turns on. After 10 sec- 
onds, the timer finishes timing. Now, Green_PLT turns off and motor 
one (Motor_1) turns on. If you open Switch_1, the timer will not reset 
and hence motor one ‘continues to run. 


RTO 


Retentive timer on 
Timer T4:0 
Time base 0.01 
Preset 1000< 
Accum 0< 


RTO 


Retentive timer on 
Timer T4:1 
Time base ORO 
Preset 1500< 
Accum O< 


Figure 8-12. PLC ladder logic diagram for Example 8-3. 
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When Switch_2 is closed, retentive timer one starts timing and 
the white pilot light (White_PLT) turns on. After 15 seconds the timer 
finishes timing. Now, White_PLT turns off and motor two (Motor_2) 
turns on. If you open Switch_2, the timer will not reset and hence 
motor two continues to run. 
You must press the red pushbutton (Red_PB) to reset the timers and 
turn off the motors. You can see that the accumulated registers in reten- 
tive timers retain their content until the reset instruction is activated. 
stesso 


H 8.7 Timer OFF-Delay Instructions 


In sections 8.4, 8.5, and 8.6, timer ON-delay instructions were 
used to create a PLC ladder logic diagram. You must enable the timer 
ON-delay instructions to start their operation. 

In this section, you will learn how to use timer OFF-delay instruc- 
tions. You must disable timer OFF-delay instructions to start them. 
Allen-Bradley SLC 500 series programmable logic controllers have 
only non-retentive timer OFF-delay instructions. Therefore, when you 
enable the timer OFF-delay instruction, its accumulated register con- 
tent will reset to zero. Example 8-4 illustrates how to use the timer 
OFF-delay instruction in a PLC ladder logic diagram. 


Example 8-4 


Examine the PLC ladder logic diagram in Figure 8-13. This is the 
logic diagram for Example 8-4. 

Motor one (Motor_1) is normally operating. When normally 
closed switch one (Switch_1) is opened, the timer OFF-delay instruc- 
tion zero (T4:0) starts timing. When the timer is timing, the red pilot 
light (Red_PLT) turns on and the motor continues operating. After 
seven seconds, the timer finishes timing. Then, Red_PLT and Motor_1 
turn off. If you close Switch_1, the timer will enable and its accumu- 


lated register content resets to zero. 
eee ee 


q 8.8 Interlocking Timers 
3 


In previous sections, timer instructions were used to create PLC 
ladder logic diagrams that turn outputs on or off. In this section, you 
will learn about the interlock operation of two timers to control an = Se 
output. The output of interlocked timers turns on and off sequen- Fors used to turn. 
tially. Example 8-5 illustrates how to use two-timer ON-delay instruc- an output on and off 
tions to flash an output light on and off. sequentially. 
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ALENO TOF 
0000 aa a = Timer OFF-delay ay 
0 i Timer T4:0 
Time base 0.01 DN )— 
Preset 700< 
Accum 0< 
Red PLT 


0001 Ă— E S 


T 0 
T4:0 0:0 
0002 =E 
DN il 
0003 End 


Figure 8-13. PLC ladder logic diagram for Example 8-4. 


Example 8-5 


Examine the PLC ladder logic diagram in Figure 8-14. This is the 
logic diagram for Example 8-5. 

If normally open switch one (Switch_1) is closed, the output green 
pilot light (Green_PLT) will flash on and off once every half second. 
This means that output zero is on for half a second, then it is off for 
half a second. 

Note that both timers are non-retentive timer ON-delay types. 
They reset when their accumulated values reach 50. Timer timing flag 
bits are used to prevent one timer from operating while the other one 
is running. The green pilot light is on when timer zero is timing. The 
green pilot light is off when timer one is timing. This is a very com- 
mon method of flashing lights or ringing bells in Allen-Bradley SLC 
500 series programmable logic control systems. 


818.9 Cascading Timers to Increase the 
Timing Value 

di hat i 

ee ee In some industrial applications, timers must have a large pre- 


steps the instruction can Set value. In these applications, one can create PLC ladder diagrams 
achieve. that contain several timers. Cascading links multiple timers together. 


Cascading: = 
Arrangement of 
instructions in a ladder 
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ma all 
0000 TON 
Timer ON-delay EN 
0 TEE Timer TAO 
Time base 0.01 DND 
Preset 50< 
Accum 0< 
T4:0 TON 
0001 l EN 
Timer ON-delay 
ET Timer T4:1 
Time base 0.01 DN )—— 
Preset 50< 
Accum 0< 
T4:0 0:0 
0002 e $6 
nt: 0 
0003 End 


Figure 8-14. PLC ladder logic diagram for Example 8-5. 


These timers are cascaded together such that when one timer is fin- 
ished timing, the second one starts. When the second timer is done, 
the third one starts, and so forth. Example 8-6 illustrates how to con- 
nect timer instructions to add their preset timer values. 


Example 8-6 


Examine the PLC ladder logic diagram in Figure 8-15. This is the 
logic diagram for Example 8-6. 

If the normally open switch one (Switch_1) is closed, timer zero (T4:0) 
starts timing. After 25 seconds, timer zero is done. Then, the normally 
open timer done contact (T4:0/DN) closes to start timer one (T4:1). 

After thirty seconds, timer one is done. Then, the normally open 
timer done contact (T4:1/DN) closes to start timer two (14:2). 

After 10 seconds, timer two is done. Then, the normally open 
timer done contact (T4:2/DN) closes to turn on the red pilot light 
(Red_PLT). Notice that while the timers are timing, the green pilot 
light (Green_PLT) will be on. 

In this example, the preset value of the timers adds to provide a 
total of 65 seconds delay time. If switch one (Switch_1) is opened, the 
timers reset to zero. 


—_—_—_—_—_—— ee EEE 
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0000 
o 
TARO 
0001 Ii 
DN 
TA 
0002 i 
DN 
T4:0 
0003 
TT 
T4:1 
EE 
T4:2 
TE 
a 2 
0004 
DN 


TON 


Timer ON-delay 
Timer T4:0 
Time base 0.01 
Preset 2500< 
Accum 0< 


TON 


Timer ON-delay 
Timer AW 2. 
Time base 0.01 
Preset 3000< 
Accum 0< 


TON 


Timer ON-delay 
Timer T4:2 
Time base 0.01 
Preset 1000< 
Accum 0< 


Figure 8-15. PLC ladder logic diagram for Example 8-6. 


aS" 


mmary 
Three types of timers used in industry are analog or mechanical 
timers, digital or solid-state timers, and PLC timers. 


Two types of ON-delay timer instructions are available: non- 
retentive ON-delay timers and retentive ON-delay timers. 


The non-retentive timer ON-delay resets and loses its 
accumulated value when it is de-energized. 


The retentive timer ON-delay retains its accumulated value 
when it is de-energized. 


q 
E3 


Chapter 8 PLC Timer Instructions 


The timer OFF-delay instruction must be de-energized to start 
operating. 

There is only a non-retentive timer OFF-delay in the SLC 500 
cares | LC: 

Each timer instruction uses three registers: preset register, 
accumulated register, and status register. 

Interlocked timer instructions enable an output to be turned on 
and off sequentially. 

Timer instructions can be cascaded to increase their total preset 
time value. 


Review Questions 


Hm G2 NO 


. Describe the timer base value of a timer instruction. 

. Describe the retentive and the non-retentive timer instructions. 

. Describe the functions of ON-delay and OFF-delay timers. 

. In the Allen-Bradley SLC 500 series PLC, how are the preset and 


the accumulated timer registers addressed? 


. How is a retentive timer in an Allen-Bradley SLC 500 series PLC 


reset? 


. Describe the done bit in an Allen-Bradley SLC 500 timer ON-delay 


instruction. 
Describe the timer timing status bit in an Allen-Bradley SLC 500 
timer ON-delay instruction. 


. Describe the enable status bit in an Allen-Bradley SLC 500 timer 


OFF-delay instruction. 


Complete each of the following sentences with the correct word(s). 


9, 


1O! 
Wk 
12. 


13. 


14. 


Ib. 


16. 


i7 


18. 


Timer instruction T4:0 uses three 16-bit registers. These timer 
registers are , and 

The preset value for timer T4:0 is in the 
The accumulated value for timer T4:0 is in the 
When the timer is de-energized, content of its 
accumulated register will reset to zero. 

The instruction transfers either a number or content of a 
register to a destination register. 

You must use the instruction to reset a non-retentive 
timer instruction. 

If you de-energize the non-retentive ON-delay timer instruction 
T4:0, its accumulated register will its content. 
When the ON-delay timer instruction T4:0 is finished timing, its 
timer timing coil (T4:0/TT) is__. 
When the OFF-delay timer instruction T4:0 is finished timing, 
its timer done coil (T4:0/DN) is ___. 
While the OFF-delay timer instruction T4:0 is timing, its timer 
timing coil (T4:0/TT) is ; 


register. 
register. 
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Specify if the following statements are true or false. 


19; 


20: 
2i 
22: 


23, 


24. 


25. 
26. 


27. 


28. 


Timer instructions in fixed SLC 500 PLC systems have variable 
time base values. 


You can reset an ON-delay retentive timer by de-energizing it. 
The timer OFF-delay instruction is a retentive timer instruction. 


When the timer ON-delay instruction T4:0 is timing, its 
normally closed timer timing contact (T4:0/TT) is closed. 


When the timer OFF-delay instruction T4:0 is timing, its 
normally closed timer timing contact (T4:0/TT) is closed. 


When the timer OFF-delay instruction T4:0 is finished timing, 
its normally closed timer done contact (T4:0/DN) is opened. 


You must energize an ON-delay timer instruction to start it. 
You must de-energize an OFF-delay timer instruction to start it. 


You must use a RESET (RES) instruction to reset a retentive 
timer ON-delay instruction. 


Addresses T4:0 through T4:255 are used for timer instructions. 


Using the timer instructions, draw the PLC ladder logic diagram for the 
following problems. 


29; 


30. 


oF 


When the start pushbutton is depressed, motor number one 
turns on. After three seconds, motor number two turns on. 
Seven seconds after motor number two turns on, the red pilot 
light should turn on and motor number one should turn off. 


When pushbutton one (PB1) is pressed, the red, white, and green 
pilot lights turn on and off every two seconds. That is, the red 
pilot light (Red_PLT) comes on for two seconds and then goes 
off. Then, the white pilot light (White_PLT) comes on for two 
seconds and goes off. Finally, the green pilot light (Green_PLT) 
should come on for two seconds. This process should continue 
until the master switch (MSW) is opened. 


Use a switch for reset. Close the temperature switch (TSW) to 
start the following sequence of events: 


1. Motor number one runs for three (3) seconds. 
2. Then motor number two runs for five (5) seconds. 
3. Finally, the bell will ring three (3) times within six (6) seconds. 


4. A green lamp is the lubricating pump for the left motor, and 
a yellow lamp is the lubricating pump for the right motor. 
When the motors are running, their lubricating pumps 
must be on. When the left motor stops, its lubricating pump 
should stay on for an additional 10 seconds longer. When 
the right motor stops, its lubricating pump stays on only 
five seconds longer. In addition, whenever either lubricating 
pumps are on without their associated motors operating, a 
flashing red light must be on. 
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PLC Counter Instructions 


pi Chapter Outline 
E 9.1 Introduction 
9.2 PLC Counter Instructions 
9.3 PLC Counter Instruction Registers 
9.4 PLC Count Up Instructions 
9.5 PLC Count Down Instructions 
9.6 Connecting PLC Counter Instructions 
9.7 Cascading Counters 
9.8 Creating PLC Ladder Logic Diagrams with Counters and Timers 


i Technical Terms 


double-input counter count down overflow bit (OV) 
single-input counter count bit underflow bit (UN) 
count up 


F Learning Objectives 


After completing this chapter, you will be able to: 

e Use count up instructions to create PLC ladder logic diagrams. 

e Use count down instructions to create PLC ladder logic 
diagrams. 

e Reset counter instructions. 

e Connect different counter instructions and cascade counter 
instructions. 

e Use timer and counter instructions to create PLC ladder logic 
diagrams. 


819.1 Introduction 
Ei 


Similar to timer instructions, counters are very useful in manu- 
facturing and industrial control systems. PLC counter instructions 
are used to count parts in manufacturing plants or count events in 
industrial control system applications. For example, in a bottle manu- 
facturing plant, you may want to package bottles in box cartons for 
shipment. The PLC counter instruction could be used to count the 
number of bottles placed in every carton. 
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Double-input counter: 


Counter that uses one 
input to enable the 
counter and another 
input to count the 


number of pulse signals. 


Single-input counter: 
Counter that has one 
input to enable and 
count the signals. 


Count up: 

Instruction where the 
accumulated register 
increments whenever 
there is a change in the 
counter input. 


Count down: 
instruction where the 
accumulated register 
decrements whenever 
there is a change in the 
counter input. 
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In this chapter, you will study PLC counter instructions and their 
use in industrial control systems. Examples will illustrate how to use 
different types of counters in a PLC ladder logic diagram. You will 
learn how to cascade counter instructions in a PLC ladder logic dia- 
gram. Also, you will learn how to use counter instructions and timer 
instructions in a PLC ladder logic diagram. 


3i 9.2 PLC Counter Instructions 


Programming a PLC counter is similar to programming a PLC 
timer. The PLC counter instruction can have either a double input or 
a single input. In a double-input counter, one input signal is used to 
enable the counter while the other input counts the number of pulse 
signals. These signals can be either high-to-low pulse (trailing edge 
trigger) or low-to-high pulse (leading edge trigger). In a single-input 
counter, one input is used to enable and send pulses for counting. 

Similar to the timer instructions, the counter instruction can be 
displayed in either the block format or the coil format. In this chapter, 
we will study single-input counter instructions that are displayed in 
block format. The Allen-Bradley SLC 500 series programmable logic 
controller uses one input for its counter instruction. 

Allen-Bradley SLC 500 programmable logic controller counters 
must be connected to an input device. When the input changes state, 
either from open to closed or from closed to open, the counter incre- 
ments or decrements. 

Two different types of counter instructions are available in PLCs. 
These instructions are count up and count down. With count up, the 
instruction’s accumulated register value increments (counts up) when- 
ever the counter input device changes state. With count down, the 
instruction’s accumulated register value decrements (counts down) 
whenever the counter input device changes state. 

In sections 9.4 and 9.5, you will study the count up and the count 
down instructions. Examples are used to illustrate the difference 
between these two types of counter instructions. 


$i 9.3 PLC Counter Instruction Registers 


In Allen-Bradley SLC 500 series programmable logic controllers, 
counter instruction addresses can be C5:0 to C5:255. Therefore, the- 
oretically, an Allen-Bradley SLC 500 series PLC can have up to 256 
counter instructions. In practice, the number of counter instructions 
is limited because of the size of the RAM memory in the PLC system. 
This is similar to the limitation on the number of timer instructions. 

Every Allen-Bradley SLC 500 series counter instruction has three 
16-bit registers. These registers are the following: 

e Preset register. 


e Accumulated register. 
e Status register. 
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For example, counter instruction C5:0 has the preset register 
C5:0.PRE, the accumulated register C5:0.ACC, and a status bit register. 
Figure 9-1 displays an Allen-Bradley SLC 500 count up and count 
down instruction. 

The preset register (C5:0.PRE) is used to hold the preset counter 
number. The accumulated register (C5:0.ACC) holds the accumulated 
counter number. The status register holds flag bits that are used by 
the PLC to keep track of the operation of counter C5:0. Two flag bits 
are available to the PLC programmer. These flag bits are the count bit 
and the done bit C5:0/DN. The count bit for the count up instruction 
(C5:0/CU) or for the count down instruction (C5:0/CD) is enabled 
every time the counter counts up or down. These bits are similar to the 
enable bits (EN) in the timers. Therefore, when the counter input con- 
tact is enabled, the count bit coil is energized. The done bit (C5:0/DN) 
is enabled when the accumulated number is equal to the preset 
number. 

The counter accumulator registers in Allen-Bradley SLC 500 PLCs 
are 16-bit registers. Each 16-bit register can hold a maximum posi- 
tive number 7FFFh (432,767 decimal) or a maximum negative num- 
ber 8000h (—32,768 decimal). Therefore, when the positive number in 
a count up instruction increments to +32,767 decimal, its overflow 
bit (OV) turns on. Also, when the negative number in a count down 
instruction decrements to -32,768 decimal, its underflow bit (UN) 
turns on. 

There is also the update accumulator bit (UA). The update accumu- 
lator bit is used with high-speed counter (HSC) instructions. We will 
not discuss the instruction of PLC high-speed counters in this text. 

Table 9-1 contains a brief description for user accessible registers 
and status bits. 


CTU 
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Count bit: 

Bit that is enabled 
every time the counter 
counts up for count up 
instructions or down for 
count down instructions. 


Overflow bit (OV): 
Bit that turns on when 
the positive number in 
a count up instruction 
increments to +32,767 
decimal. 


Underflow bit (UN): 

Bit that turns on when 
the negative number in 
a count down instruction 
decrements to —32,768 
decimal. 


0000 — Count up CU 
0 Counter €520 
Preset 10< 
DN }—— 
Tao CTO 
0001 Count down cD 
Counter e5ral 
Preset -15< DN )— 
Accum 0< 
End 
0002 


Figure 9-1. Allen-Bradley SLC 500 count up and count down instructions. 
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_ Registers and Bits | Register Address #333 ODescription go | 


Status register 


Count up bit 


Count down bit C5 O/G IDA OF i elon 
Done bit C5:0/DN, C5:1/DN Enabled whe 


Table 9-1. SLC 500 counter instruction registers and status bits. 


E 9.4 PLC Count Up Instructions 


In the count up instruction, the accumulated register increments 
whenever the counter input device changes state. Figure 9-2 displays a 
count up instruction that is connected to a normally open (NO) input 
device. 

The low-to-high change of state on input one (I:0/1) increments 
the number in the accumulated register of the count up instruction. 
The done bit (C5:0/DN) is enabled and the done coil is energized 
when the content of the preset register and the accumulated register 
are equal. 

If the counter input (1:0/1) changes state (low-to-high) when the 
accumulated value reaches the preset value, the accumulated register 
increments again. However, the done bit (C5:0/DN) remains enabled 


TEO CTU 
2038 Count up CU 
Jl Counter CS0 
Preset 10< DN + — 
Switch Accum 0< 
1:0 C5:0 
0001 -_——_—_- NM res 
0 
0002 —C End 


Figure 9-2. PLC count up instruction. 
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until the counter is reset. Whenever the input opens and closes (low- 
to-high), the count status bit (C:0/CU) enables and the count up coil 
energizes. 

The accumulated register must be reset to zero using the reset 
(RES) instruction. Therefore, the normally open (NO) input zero 
(1:0/0) must be closed to reset the counter. Example 9-1 illustrates how 
a count up instruction is used in ladder logic diagrams. 


Example 9-1 


Examine Figure 9-3. This figure displays the PLC ladder logic 
diagram for Example 9-1. 

The counter done bit (C5:0/DN) is normally disabled, therefore 
the normally closed done contact (C5:0/DN) is closed and the green 
pilot light (Green_PLT) is normally on. Press the pushbutton ten 
times. Notice that the content of the accumulated register increments 
ten times. When the content of the accumulated register reaches ten, 
the done bit (C5:0/DN) is enabled and the done coil is energized. The 
normally closed contact in rung 0001 opens to turn off the green pilot 
light (Green_PLT). The normally open contact in rung 0002 closes to 
turn on the red pilot light (Red_PLT). 


0000 


Accum 


oo bepp e o 


Count up 
Counter 
Preset 


0002 o 


i RES 
0003 Fn aaaea oC 


0004 


Figure 9-3. PLC ladder logic diagram for Example 9-1. 


End 
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Press pushbutton I:0/0 a few more times. The accumulated value 
will increase and the status bit (C5:0/DN) remains high. The only way 
to reset the counter is through the reset (RES) instruction. Closing the 
normally open switch (Switch) resets the counter. This causes the con- 
tent of the accumulated register (C5:0.ACC) to reset to zero. Now, the 
green pilot light (Green_PLT) turns on again and the red pilot light 
(Red_PLT) turns off. 


0000 


0001 


0002 


Hi 9.5 PLC Count Down Instructions 


In the PLC count down instruction, the accumulated register 
decrements whenever the counter input device changes state. There- 
fore, the preset value for the count down usually is a negative num- 
ber. Then, the content of the accumulated register decrements from its 
initial value of zero to the negative preset number. Figure 9-4 displays 
a count down instruction that is connected to a normally open (NO) 
input. 

The low-to-high pulse on the count down input (Pushbutton) 
decrements the counter. Notice that in the count up instruction, the 
done bit (C5:0/DN) is enabled and the done coil energizes when the 
content of the accumulated register is equal to the content of the pre- 
set register. In the count down instruction, the done bit (C5:0/DN) 
resets to zero and the done coil de-energizes when the content of the 
accumulated register decrements to the preset number. Example 9-2 
illustrates how a count down instruction is used in the PLC ladder 
logic diagram. 


CAND) 


Count down 
Counter €550 

Preset SE 
Accum 0< 


Figure 9-4. PLC count down instruction. 


Chapter 9 PLC Counter Instructions 199 


Example 9-2 


Examine Figure 9-5. This figure displays the PLC ladder logic 
diagram for Example 9-2. 

The done bit (C5:0/DN) for the counter instruction is normally 
enabled and the done coil is energized. Therefore, the normally closed 
contact (C5:0/DN) in rung 0001 is opened. This means that the green 
pilot light (Green_PLT) is turned off. Also, the normally open contact 
(C5:0/DN) in rung 0002 is closed and the red pilot light (Red_PLT) is on. 

Press the pushbutton fifteen times and the content of the accumu- 
lated register decrements from zero to negative fifteen. Notice that the 
done coil is still energized. Pressing the pushbutton once more decre- 
ments the content of accumulated register to negative sixteen. Now, 
the done coil bit (C5:0/DN) de-energizes. 

When the done coil de-energizes, the normally closed contact 
(C5:0/DN) in rung 0001 reverts to its normally closed state and the 
green pilot light (Green_PLT) turns on. Also, the normally open con- 
tact (C5:0/DN) in rung 0002 reverts to its normally open state and the 
red pilot light (Red_PLT) turns off. 

Therefore, in the count down instruction, the content of the accu- 
mulated register decrements. When the content of the accumulated 
register is one count below the content of the preset register, the done 
coil (C5:0/DN) de-energizes. 


Cele, CTD 
0000 Count down 
alt Counter C5710 
Preset -15< 
Accum O< 
CS ca 
0001 
DN 


c5:0 
0002 p _— =n a 
D 


RES 
0003 e _ ann. i 


0004 


Figure 9-5. PLC ladder logic diagram for Example 9-2. 
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If you press the pushbutton in this setup a few more times, the 
content of accumulated register continues to decrement. However, 
the done coil remains de-energized. Closing the normally open 
switch (Switch) resets the count down instruction. Now the done coil 
(C5:0/DN) energizes. again to turn on the red pilot light (Red_PLT) 


and to turn off the green pilot light (Green_PLT). 
eT arr) 


B96 Connecting PLC Counter Instructions 


In some manufacturing operations, the content of an entire section 
of a conveyor needs to be known at one time. This can be accomplished 
by placing two proximity sensors on the conveyor. One proximity sen- 
sor is connected to a count up instruction while the other one is con- 
nected to a count down instruction. Figure 9-6 displays the conveyor 
and the proximity sensors. How the counting is accomplished is dem- 
onstrated in Example 9-3. 

One can create a PLC ladder diagram that will hold the number 
of parts on the conveyor in a PLC register. Example 9-3 illustrates how 
to create a program to count the number of parts on a given section of 
a conveyor. 


Example 9-3 


Examine Figure 9-7. This figure displays the PLC ladder logic 
diagram for Example 9-3. This example is set up to match a conveyor 
scenario. If the number of parts is less than six, a red pilot light indi- 
cates that there are not enough parts on the conveyor. The green pilot 
light turns on when there are at least six parts on the conveyor. 


Proximity Proximity 

switch switch 
Count up ~ Receiver ; Receiver Count down 
input Infrared light beam PN, . input 


() 
ae) es 
Ae 


2 Parts 


Conveyor . Transmitter ` . Transmitter 


Figure 9-6. Count up proximity switches used to keep count of items on a conveyor. 
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CTU 


Count up 
Counter €550 

Preset 20< 
Accum O< 


O 
0000 | — 


MOV 
0001 
Move 
Source C5:0.ACC 
0< 
Dest CSE ITACE 
0< 
Tao CTD 
eee Count down cD 
2 Counter C5:1 
Preset 6< DN )— 
Accum 
E5: 1 Oaa 
0003 5 4 D 
DN 1 
(eSieak 0:0 
0004 O 
DN 0 
TAO C50 
0005 RES 
: C5 
RES 
0006 End 


Figure 9-7. PLC ladder logic diagram for Example 9-3. 


The infeed proximity switch and the outfeed proximity switch 
are connected to the count up and count down instructions respec- 
tively. The move (MOV) instruction in rung 0001 copies the content 
of the count up accumulated register to the count down accumulated 
register. When a part enters the conveyor, the count up register incre- 
ments. However, when a part leaves the conveyor the count down 
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register decrements. Therefore, the content of the count down accu- 
mulated register is equal to the total number of parts that reside on 
the conveyor. 

Examine the count down instruction. When the number of parts 
on the conveyor is greater than or equal to six, the count down bit 
(C5:1/DN) is enabled and the count down coil is energized. Therefore, 
green pilot light (Green_PLT) is on and the red pilot light (Red_PLT) 
is off. However, when the number of parts on the conveyor is less than 
six, the count down bit (C5:1/DN) is disabled and the count down 
coil is de-energized. Therefore, green pilot light (Green_PLT) is off and 
the red pilot light is on. Closing the normally open switch resets the 
counters. 


19.7 Cascading Counters 
4 


E . ; Pa 
In some industrial applications, counters are cascaded so that one 


counter increments or decrements when another counter is done. This 
type of application is used mainly in material handling and process 
control environments. For example, cascading counter instructions 
can be used in the part packaging industry. Six bottles of water are 
packaged together and placed in a new container. One counter could 
be used to count to six. A second cascaded timer would then be used 
to count the number of containers. 

Example 9-4 illustrates how to create a PLC ladder logic diagram 
where two count up instructions are cascaded together. 


Example 9-4 


Examine Figure 9-8. This figure displays the PLC ladder logic 
diagram for Example 9-4. 

Pressing the pushbutton in rung 0000 ten times increments the 
content of the accumulated register in counter zero (C5:0). When the 
content of the accumulated register in counter zero is equal to the pre- 
set number ten, the counter done bit (C5:0/DN) is enabled and the 
counter done coil is energized. 

Now, the normally open counter done contact (C5:0/DN) in rung 
0001 closes to increment the content of the accumulated register in 
counter instruction one (C5:1). Also, the normally open counter done 
contact (C5:0/DN) in rung 0003 closes to reset counter zero (C5:0). 

Every time counter zero counts up to ten, the content of accumu- 
lated register in counter one (C5:1) increments once. When the content 
of the accumulated register in counter one reaches five, its counter 
done bit (C5:1/DN) is enabled and the counter done coil is energized. 
When this happens, the normally open contact in rung 0002 (C5:1/DN) 
closes to turn on the green pilot light (Green_PLT). Closing the nor- 
mally open switch (Switch) resets both counters. 

a nnn 
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0000 ew 
Count up CU 
Counter C50 
Preset 10< DN —— 
Accum 0< 
C570 erg 
0001 CU 


Count up 


D 
N Counter C5:1 
Preset 5< DN eA 
Accum 0< 


5251 0:0 
0002 = D 


I:0 C5:0 
0003 RES 
i 
e520 


DN 
LsO C5:1 
0004 — --— (res 


0005 


Figure 9-8. PLC ladder logic diagram for Example 9-4. 


#9.8 Creating PLC Ladder Logic Diagrams 
with Counters and Timers 


In sections 9.4, 9.5, 9.6, and 9.7, the ladder logic diagrams only used 
counter instructions. In this section, you will create a ladder diagram 
that has both counter and timer instructions. Example 9-5 illustrates 
how to use counter and timer instructions to create a twenty-four hour 


clock. 


Example 9-5 


Examine Figure 9-9. This figure displays the PLC ladder logic 
diagram for Example 9-5. 
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TON 
Timer ON-delay 
Timer T4:0 
Time base 0.01 
Preset 100< 
Accum 0< 


T4: CTU 


Count up 
Counter C5:0 
Preset 60< 
Accum 0< 


DN 


G5. CTU 


Count up 
Counter C5:1 

Preset 60< 
Accum 0< 


Ch CTU 
Count up 
Counter C522) 
Preset 24< 
Accum 0< 


Figure 9-9. PLC ladder logic diagram for Example 9-5. 
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Closing the normally open switch in rung 0000 starts timer zero 
(14:0). This timer has a time base of 0.01 seconds. Therefore, for a 
one second time, the content of the timer accumulated register must 
reach 100. When the timer reaches 100, the timer done coil (T4:0/DN) 
energizes. 

When the timer done coil energizes, the normally open timer 
done contact (T4:0/DN) in rung 0001 closes to increment the counter 
zero (C5:0). Also, the normally closed timer done contact (T4:0/ DN) 
in rung 0000 opens to reset the timer (T4:0). 

Every time the timer times for one second, counter zero (C5:0) 
in rung 0001 increments. When the content of the accumulated reg- 
ister in counter zero (C5:0) reaches sixty (60), the counter done bit 
(C5:0/DN) is enabled and the counter done coil is energized. 

Now, the normally open counter done contact (C5:0/DN) in rung 
0002 closes to increment counter one (C5:1). Also, the normally open 
counter done contact (C5:0/DN) in rung 0003 closes to reset counter 
zero (C5:0). 

When the content of accumulated register in counter one (C5:1) 
reaches sixty (60), the counter done bit (C5:1/DN) is enabled and the 
counter done coil is energized. Then, the normally open contact in 
rung 0004 closes to increment the counter two (C5:2). Also, the nor- 
mally open counter done contact (C5:1/DN) in rung 0005 closes to 
reset counter one (C5:1). 

Notice that the content of the preset register in counter two 
(C5:2.PRE) is set for twenty-four. Therefore, the normally open contact 
(C5:2/DN) in rung 0006 will close every twenty-four hours to reset 
counter two (C5:2). If you open the switch (Switch), the timer and the 
counter instructions all will reset to zero. 


i Summary 

e PLC counter instructions are used to count parts in 
manufacturing plants or count events in industrial control 
system applications. 

e A double-input counter has one input signal that is used to 
enable the counter while the other input counts the number of 
pulse signals. 

e Asingle-input counter has one input that is used to enable and 
send pulses for counting. 

e The two different types of counter instructions available in PLCs 
are the count up and count down instructions. 

e The count up instruction’s accumulated register value 
increments (counts up) whenever the counter input device 
changes state. 
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The count down instruction’s accumulated register value 
decrements (counts down) whenever the counter input device 
changes state. 

The three 16-bit registers of Allen-Bradley SLC 500 series counter 
instructions are the preset register, the accumulated register, and 
the status register. 

PLC counter instructions are connected when the content of an 
entire section of an operation needs to be known at one time. 


Counters are cascaded so that one counter increments or 
decrements when another counter is done. 

Counter and timer instructions can be used together to create 
PLC ladder logic diagrams. 


i Review Questions 
4 
îl 


How many types of counters are available in an Allen-Bradley 
SLC 500 series PLC? Name them. 


How do you increment the content of an accumulated register in 
a count up instruction? 


How do you reset a counter instruction in an Allen-Bradley SLC 
500 series PLC? 


What is the status of the done bit in an Allen-Bradley count 
down instruction when the content of its accumulated register is 
equal to the content of its preset register? 


What is the status of the done bit in an Allen-Bradley count up 
instruction when the content of its accumulated register is equal 
to the content of its preset register? 


How is the accumulated register addressed in an Allen-Bradley 
SLC 500 series counter instruction? 


How is the preset register addressed in an Allen-Bradley SLC 
500 series counter instruction? 


Complete each of the following sentences with the correct word(s). 


8. The counter done bit for count up instruction C5:0 is addressed 


o) 
10. 


Ül 


12 


as 


The preset value for counter C5:0 is in register | 


When an input instruction to the count up instruction is closed, 
the coil energizes. 


You must use the instruction to reset a count up 
instruction. 


The content of an accumulated register for the count up 


instruction is for every low-to-high counter input switch 
transition. 
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13. The counter done bit for the count down instruction C5:0 is 
addressed as 


14. The content of an accumulated register for the count down 


instruction is for every low-to-high counter input switch 
transition. 


15. The accumulated value for counter instruction C5:0 is in 
register. 


16. When an input instruction to the count down instruction C5:0 is 


closed, the coil energizes. 

17. You must use the instruction to reset a count down 
instruction. 

18. Data files through can be used for counter 
instructions. 


19. When the content of the count up registers C5:0.PRE and C5:0.ACC 
are equal, the coil energizes. 


Specify if the following statements are true or false. 


20. There are two types of PLC counter instructions. 


21. The content of an accumulated register in the count up 
instruction increments whenever there is a low-to-high counter 
input switch transition. 

22. The content of an accumulated register in the count down 
instruction decrements whenever there is a low-to-high counter 
input switch transition. 

23. The accumulated register for counter instruction C5:0 is 
addressed as C5:0.ACC. 

24. The count up instruction C5:0 in a fixed SLC 500 PLC uses two 
sixteen bit registers. 

25. Internal bit C5:0/CU is on when the input to the count up 
instruction C5:0 is open. 

26. Internal bit C5:0/CD is on when the input to the count up 
instruction C5:0 is closed. 

27. The counter done bit for the counter instruction C5:1 is 
addressed as C5:1/DN. 


Using the counter instructions, draw the PLC ladder logic diagram for the 

following problems. 

28. Output is to be turned on when count A goes from 12 down to 0 
and when either count B goes up to 8 or count C has gone all the 
way from 10 down to 0. One switch resets the entire process. 

29, Output turns on when either A counts up to 9, or B counts 
down to 7. 
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30. When you close the master switch (MSW), the following process 


will start. 

A. Motor number one runs for three seconds. 

B. Then motor number two runs for five seconds. 

C. Finally, the bell rings three times within six seconds. 


31. The master switch is the master reset switch. 


A. If the green pushbutton is pressed four times and the red 
pushbutton twice, the white pilot light and the left motor 
will turn on for five seconds. 


B. If the green pushbutton is pressed five times and the red 
pushbutton three times, the green pilot light and the right 
motor will turn on for ten seconds. 


C. If the green and/or red pushbuttons are pressed for a total of 
fifteen times, both motors will run and both the white and 


green pilot lights will turn on and stay on until MSW switch 
is opened. 


32. Use the MSW switch for reset. Close the master switch to start 


20! 


the following sequence of events: 
A. Motor number one runs for five seconds and then turns off. 


B. Next, motor number two runs for ten seconds and then 
turns off. 


C. Finally, after one second, both motors run for seven seconds 
and then turn off. 


The sequence of events continues (i.e., event one starts again) 
until the master switch is opened. 
When the start pushbutton number 1 is pressed twice and 
pushbutton 2 is pressed once, the following sequence of events 
occurs: 
A. Motor number one and red pilot light turns on. 
B. After six seconds, motor number two turns on. 
C. Finally, ten seconds after motor number two turns on, the 


green pilot light should turn on and motor number one and 
red pilot light should turn off. 
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PLC Math Instructions 


fi Chapter Outline 


10.1 Introduction 

10.2 Addition 

10.3 Subtraction 

10.4 Multiplication 

10.5 Division 

10.6 Advanced Math Instructions 


Și Technical Terms 


add (ADD) instruction multiply (MUL) instruction 
subtract (SUB) instruction divide (DIV) instruction 


Ši Learning Objectives 
After completing this chapter, you will be able to: 
e Program the add instruction in the PLC ladder logic diagram. 


e Program the subtract instruction in the PLC ladder logic 
diagram. 

e Program the multiply instruction in the PLC ladder logic 
diagram. 

e Program the divide instruction in the PLC ladder logic diagram. 


pi 10.1 introduction 


In Chapter 9, you learned how to program the PLC counter instruc- 
tions and use them in industrial control systems. In this chapter, you 
will learn how to use PLC math instructions such as add, subtract, mul- 
tiply, and divide to calculate the sum, difference, product, and quotient 
of the content of registers in two PLC counter instructions. 

The Allen-Bradley fixed SLC 500 PLC does not have the square or 
the square root math instructions. The fixed SLC 500 does have many 
other math instructions that can be used in programming. The usual 
interval to update the results of PLC arithmetic instructions is one 
scan period. In this chapter, examples are used to illustrate the use of 
these math instructions in PLC ladder logic diagrams. 
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ł 10.2 Addition 


When parts on two separate conveyors are placed onto a single 
larger conveyor, the total parts on the large conveyor may need to 
be calculated. This calculation can be done with the add instruction. 
Add (ADD) instruction: The add (ADD) instruction calculates the sum of two operands 


ee a ; (Source A and Source B). Figure 10-1 displays an add instruction for 
Bay eee sat B. the Allen-Bradley SLC 500 series PLC. Add instructions in SLC 500 


series PLCs are displayed in block format. 

The add instruction has three operands. Two operands hold the 
source data (Source A and Source B), which are added together. Either 
both sources can be registers or one source can be a register while 
the other one is a number. The third operand is the destination. The 
destination must be a register. In Figure 10-1, sources A and B are the 
content of integer registers N7:0 and N7:1. The destination register is 
N7:2. Example 10-1 illustrates how to use the add instruction to cal- 
culate the content of the accumulated register for two PLC counter 
instructions. After a math instruction is executed, the status bits in 
the status file are updated. The status bits $2:0/0 through S$2:0/3 are 
in word $2:0 in the processor status file (S2). Descriptions of these bits 
are listed in Table 10-1. 


Example 10-1 


Figure 10-2 shows a section of a manufacturing plant with three 
conveyors. The number of parts in conveyor A and the number of parts 
in conveyor B are added to get the number of parts on the main con- 
veyor. Figure 10-3 displays the PLC ladder diagram for Example 10-1. 

The green pushbutton (Green_PB) represents the proximity 
switch input for counter A. The red pushbutton (Red_PB) represents 
the proximity switch input for counter B. Pressing the green push- 
button increments the content of the accumulated register in counter 
instruction zero (C5:0). Pressing the red pushbutton increments the 
content of the accumulated register in counter instruction one (C5:1). 


ADD 
0000 
Source A N7:0 
0< 
Source B N7:1 
0< 
Dest N7:2 
0< 
0001 


Figure 10-1. Add (ADD) instruction for the Allen-Bradley SLC 500 series PLC. 
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The add instruction in rung 0002 places the sum of the content of the 
accumulated registers in the integer register N7:2. When the content 
of the accumulated register for either counter instruction is equal to 
1000, the reset (RES) instructions in rung 0003 enables. Then, both 
counter instructions reset to zero. 


| Bit Address. Description — 
add instruction or a borrow ir 
the subtraction instruction. 
Overflow (O) | S2:0/1 Set when the result is too large 
to fit in the destination register. | 
Zero (Z) | §2:0/2 | Set when the result of the 
| subtract instruction is zero. 


H 


mananap 


Table 10-1. Description of bits in the processor status file (S2). 


Counter B 
input 


© 


Conveyor B 


conveyor 
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Counter A 
input 
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Conveyor A 


Figure 10-2. Conveyor diagram for Example 10-1. 
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TRG CTU 
0000 Count up cu 
1 Counter C530 
Preset 1000< = DN }— 
Accum 0< 
Teo (CAHU 
0001 — CU 
2 Counter E 
Preset 1000< —— DN }— 
Accum 
ADD 
0002 Add 
source A Gs. On Ace 
0< 
Sources. a ES IMACE 
0< 
Dest NEZ 
0< 
C5510 CSRO 
0003 RES 
E Counter B 
Csil ESL 
RES 
DN 
0004 End 


Figure 10-3. PLC ladder logic diagram for Example 10-1. 


qd 10.3 Subtraction 


A factory has three conveyors: A, B, and C. Conveyors A and B 
merge together into the larger C. You want to know how many parts 
are coming off conveyor A, but you are unable to place a sensor near. 
By using sensors on conveyors B and C and the subtract instruction, 


Subtract (SUB) you can calculate the number of parts on conveyor A. The subtract 
instruction: ; ; i : 
r cen. (SUB) instruction calculates the difference between two sources: 
ne a cne ben an Source A and Source B. Figure 10-4 displays a subtract instruction 
Source A and Source B. for the Allen-Bradley SLC 500 series PLC. Subtract instructions in the 


SLC 500 series PLC are displayed in block format. 
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SUB 
Subtract 
Source A N7:0 

0< 
Source B N7:1 

ga 
Dest N7:2 
O< 


0000 — noo Å 


0001 (End 


Figure 10-4. Subtract (SUB) instruction for the Allen-Bradley SLC 500 series PLC. 


The subtract instruction has three operands. Two operands, 
Source A and Source B, hold the source data. The content of Source B 
is subtracted from Source A. The result is placed in the destination. 
Either both sources can be registers or one source can be a register 
while the other one is a number. The destination must be a register. 

In Figure 10-4, Sources A and B are the content of integer registers 
N7:0 and N7:1. The destination register is N7:2. Example 10-2 illus- 
trates how to use the subtract instruction to calculate the content of 
accumulated register for two counter instructions. 


Example 10-2 | 


Figure 10-5 shows a section of a manufacturing plant with three 
conveyors. It is not convenient to install and maintain a proximity 
switch in conveyor B. Therefore, the number of parts in conveyor A 
are subtracted from the number of parts in conveyor C to calculate the 
number of parts in conveyor B. Figure 10-6 displays the PLC ladder 
diagram for Example 10-2. 

The green pushbutton (Green_PB) represents the proximity 
switch input for counter A. The red pushbutton (Red_PB) represents 
the proximity switch input for counter C. Pressing the green push- 
button increments the content of the accumulated register in counter 
instruction zero (C5:0). Pressing the red pushbutton increments the 
content of the accumulated register in counter instruction one (C5:1). 
The subtract instruction in rung 0002 places the difference of the con- 
tent of the accumulated registers in the integer register N7:2. When 
the content of the accumulated register for either counter instruction 
is equal to 1000, the reset (RES) instructions in rung 0003 enables. 
Then, both counter instructions reset to zero. 
pn ES 
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Conveyor 
B 


Counter C 
input 


Counter A 
input 


Conveyor 
A 


Figure 10-5. Conveyor diagram for Example 10-2. 


+ 10.4 Multiplication 


When multiple parts are packed in containers, the number 
of parts per container, the number of containers, and the mul- 
tiply instruction will give you the total number of parts. The 


Multiply (MUL) multiply (MUL) instruction calculates the product of two sources: 
n TEA Source A and Source B. Figure 10-7 displays a multiply instruction 
T e ae for the Allen-Bradley SLC 500 series PLC. Multiply instructions in 
and Source B. SLC 500 series PLCs are displayed in block format. 


The multiply instruction has three operands. Two operands hold 
the source data (Source A and Source B). The content of Source B is 
multiplied by the content of Source A. The result is placed in the des- 
tination. Either both sources can be registers, or one source can be a 
register while the other one is a number. The destination must be a 
register. 

In Figure 10-7, Sources A and B are the content of integer regis- 
ters N7:0 and N7:1. The destination register is N7:2. (Notice that if 
both sources contain the same number, then the multiply instruction 
would act like a square instruction.) Example 10-3 illustrates how to 
use the multiply instruction to calculate the content of accumulated 
registers for two PLC counter instructions. 
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CTU 
Count up 
Counter 
Preset 
Accum 


0000 


T: 
0001 — 


Counter 


Preset 1000< — DN }—— 


Accum 


0002 Subtract 

Source A C5:1.ACC 
0< 

Source B C5:0.ACC 
0< 

Dest N7:2 


O< 


Cano C540 
0003 RES 
Ñ Counter © 
Seal CSEL 
RES 
DN 
0004 End 


Figure 10-6. PLC ladder logic diagram for Example 10-2. 


TSO, MUL 
Source A N7:0 

O< 

Source BEN -L 

0< 


Dest N7:2 
gz 


0001 End 


Figure 10-7. Multiply (MUL) instruction for the Allen-Bradley SLC 500 series PLC. 
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Example 10-3 


Figure 10-8 displays the PLC ladder diagram for Example 10-3. 
Pressing the green pushbutton (Green_PB) increments the content of the 
accumulated register in counter instruction zero (C5:0). Pressing the red 
pushbutton (Red_PB) increments the content of the accumulated register 
in counter instruction one (C5:1). The multiply instruction in rung 0002 
places the result of multiplication in the integer register N7:2. 


CTU 
0000 — cu 
il Counter 
Preset 100< DN )— 
Accum 
I:0 Cru 
0001 Count up cU 
D Counter CSR 
Preset 100< ——( DN )— 
Accum 
MUL 
0002 Multiply 
Source A C5:0.ACC 
0< 
SourcelB CS: IIACE 
0< 
Dest N7:2 
O< 
E520 Cs) 
0003 RES 
C52 Jl Sica 
RES 
DN 
0004 End 


Figure 10-8. PLC ladder logic diagram for Example 10-3. 
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When the content of the accumulated register for either of the coun- 
ter instructions is equal to 100, the reset (RES) instructions in rung 0003 
enables. Then, both counter instructions reset to zero. 


SS TSS SSS it 


fi 10.5 Division 
m Let’s assume that a machine is counting the number of inches of 
steel that pass by. The machine needs to calculate the length in feet or 
yards before it makes some engravings. The divide instruction is the 
perfect PLC instruction for this task. The divide (DIV) instruction Divide (DIV) 
calculates the integer value that results from dividing Source A by _ instruction: 
Source B. Figure 10-9 displays a divide instruction for the Allen- Sa a 
Bradley SLC 500 series PLCs. Divide instructions in SLC 500 series from dividing Source A by 
PLCs are displayed in block format. Source B. 
The divide instruction has three registers. Two registers hold 
the source data (Source A and Source B). The content of Source A is 
divided by the content of Source B. The integer quotient is placed in 
the destination. As with the other instructions, either both sources can 
be registers or one source can be a register while the other one is a 
number. The destination must be a register. 
In Figure 10-9, Sources A and B are the content of integer registers 
N7:0 and N7:1. The destination register is N7:2. Example 10-4 illus- 
trates how to use the divide instruction to calculate the content of the 
accumulated registers for two counter instructions. 


Example 10-4 


Figure 10-10 displays the PLC ladder diagram for Example 10-4. 
Pressing the green pushbutton (Green_PB) increments the content of 
the accumulated register in counter instruction zero (C5:0). Pressing 


DIV 


Divide 


0000 
Source A N7:0 
0z 
Source B N7- 
0< 
Dest N7:2 
0< 
0001 End 


Figure 10-9. Divide (DIV) instruction for the Allen-Bradley SLC 500 series PLC. 
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CTH 
0000 
Counter 
Preset 
Accum 
0001 Count up 
Counter Stalk 
Preset 100< 
Accum 0< 
0002 Divide 
Source A C5:0.ACC 
0< 
Source B C5:1.ACC 
0< 
Dest N7:2 
0< 
0003 
0004 


Figure 10-10. PLC ladder logic diagram for Example 10-4. 


the red pushbutton (Red_PB) increments the content of the accumu- 
lated register in counter instruction one (C5:1). The divide instruction 
in rung 0002 places the quotient in the integer register N7:2. 

When the content of accumulated register for either counter 
instructions is equal to 100, the reset (RES) instruction in rung 0003 
enables. Then, both counter instructions reset to zero. 


ĝi 10.6 Advanced Math Instructions 


There are several advanced math instructions that are available 
in the Allen-Bradley SLC 5/03, SLC 5/04, and SLC 5/05 processors. 
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Table 10-2 lists most of these advanced math instructions. Advanced 
math instructions are used to perform mathematical computations. 
The compute (CPT) instruction may be used to solve mathematical 
equations. Figure 10-11 illustrates that the first entry in this instruction 
is the destination register. The second entry in the compute instruc- 
tion must be the equation. In Figure 10-11, the destination register is 
the integer register N7:0. The tangent of integer register N7:1 is mul- 
tiplied to the cosine of integer register N7:2. Example 10-5 illustrates 
how you can use the CPT instruction to solve an equation. 


SS a a 


ASN (source, destination) Arc Sine 


“SIN (source, destination) ! Sine 
ATN (source, destination) Arc Tangent 


TAN (source, destination) | Tangent 


| XPY (source, source, destination) | 
, destination) 


Table 10-2. List of advanced math instructions available for SLC 
5/03, SLC 5/04, and SLC 5/05 processors. 


CET 


0000 Compute 
Dest N7:0 
1746-1B16 0< 


Expression (TAN N7:1)* (COS N7:2) 


0001 


Figure 10-11. Using the compute (CPT) instruction to solve an equation. Notice that 
the first entry is the destination register. 
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Example 10-5 


Given the following equation, you can use the CPT instruction to 
solve it. 

Y = (A x (In B) xe) + (tan D) 

You must first assign floating point register locations for the 
parameters in the equation. Note that integer registers such as N7:0 
hold integer numbers. Floating point registers such as F8:0 hold a real 
number that has both integer and fractional part. These assigned reg- 
isters are listed below. 


A = F8:0 
Be Fel 
€= 
DERES 
VERSA 


Figure 10-12 displays the PLC ladder diagram for Example 10-5. 
When the normally open contact I:1/0 is closed, the equation in the CPT 
instruction block is calculated and the result is placed in the floating 
point register four (F8:4). A list of other commonly used math instruc- 
tions is displayed in Table 10-3. 


XEN 


0000 X To Power of Y 
SOUrCeETA 2.718 
1746-IB16 2.718< 
Source B F8:2 
0.0< 
Dest F8:5 
0.0< 
CPT 
Compute 
Dest F8:4 
oios 
Expression ( (F8:0*LN F8:1)*F8:5)+(TAN 
F8:3) 
0001 


Figure 10-12. PLC ladder logic diagram for Example 10-5. 
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| Function = |} Name | Descriptio 


DCD (source, destination) Decode 4 to 1 of 16 Decodes a 4-bit number (0-15) in the 


| source and turns the corresponding bit(s) 
L on in the destination 


| NEG (source, destination) | Negate Reverses the sign from positive to 
pregame or from negative to positive 
TOD (source, destination) ‘Convert to BCD “Converts an integer value to BCD 


errr eee 


Table 10-3. Other commonly used math instructions. 


fi> Summary 


The add, subtract, multiply, and divide instructions each have 
three operands: two for source data and one for the destination. 


e The add instruction calculates the sum of Source A and Source B 
and places this value in the destination register. 


e The subtract instruction calculates the difference between 
Source A and Source B and places this value in the destination 
register. 


e The multiply instruction calculates the product of Source A and 
Source B and places this value in the destination register. 


e The divide instruction calculates the integer value that results 
from dividing Source A by Source B and places this value in 
the destination register. 


e Advanced math instructions, such as the compute (CPT) 
instruction, can be used to solve mathematical equations. 


amare Questions 


. How many operands does an add instruction have? 
_ Should the destination of an add instruction be a register? Why? 
. Can both sources in an add instruction be numbers? Why? 
_ Can both sources in an add instruction be registers? Why? 
_ Can both sources in a subtract instruction be numbers? Why? 
_ Can both sources in a divide instruction be registers? Why? 


nN OFF WD NY 
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7 


8. 


In a multiply instruction, what is the largest number that can 
be held in the destination register? (Hint: Think about the 
destination register.) 


Can the destination for a subtract instruction be a number? Why? 


Complete each of the following sentences with the correct word(s). 


9: 
10. 
Mk 


Pe 
13. 


An add instruction has operands. 

The in an add instruction must be a register. 

At least one of the in a multiply instruction must be a 
register. 

The in a subtract instruction must be a register. 

In a subtract instruction, Source is deducted from Source 


Specify if the following statements are true or false. 


14. 
ile 


Source A and Source B in an add instruction can be registers. 


The destination location for a subtract instruction must be a 
register. 


Using the timer instructions, draw the PLC ladder logic diagram for the 
following problems. 


16. 


N 


18. 


19! 


Use the compute (CPT) instruction to implement the following 
equation: 
R ë R 
TT: 


where, 

R; represents the resistance value for temperature t, 

R: represents the resistance value for temperature t, 

T; is temperature in degree Kelvin, T, = t, +273 

T is temperature in degree Kelvin, T, = t +273 
Assume that three counters provide the variables labeled R,, t, 
and t}. Your PLC program should calculate R:. 
Write a program that will add the content of two counters every 
45 seconds and place the result in an integer register. 
Four conveyors are delivering the same parts in different 
packages. A package can hold 6, 8, 12, or 18 parts. Four proximity 
switches are used to advance the values of counters. Write a 


program that uses multiply and add instructions to calculate the 
sum of parts. 


Write a program using add, subtract, multiply, and divide 
instructions to calculate the value of the following equation: 


Y= [p (L:/A,)] + [p (L2/A})] 
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Instructions 


gi Chapter Outline 


11.1 Introduction 

11.2 Logic Gate Instructions 
11.3 Shift Left Instruction 
11.4 Shift Right Instruction 


Bi Technical Terms 


mes... : 

3 bit shift left (BSL) instruction control register (R6) 
bit address bit shift right (BSR) instruction 
length 


i Learning Objectives 
it After completing this chapter, you will be able to: 
e Use the NOT instruction in PLC ladder logic diagrams. 
e Use the AND instruction in PLC ladder logic diagrams. 
e Use the OR instruction in PLC ladder logic diagrams. 
e Use the XOR instruction in PLC ladder logic diagrams. 
e Cascade the NOT instruction to AND, OR, and XOR instructions 
to create NAND, NOR, and XNOR instructions. 
e Create a PLC ladder logic diagram that uses the bit shift left 
(BSL) instruction. 
e Create a PLC ladder logic diagram that uses the bit shift right 
(BSR) instruction. 
e Open a data file bit dialog box to monitor the operation of a bit 
shift right or a bit shift left instruction. 
Reset the bit shift left or the bit shift right instruction to its 
starting bit position. 


11.1 Introduction 


In Chapter 7, you learned how to create PLC ladder logic diagrams 
to perform operations of digital logic gates. These logic gates you 
explored were the NOT, AND, NAND, OR, NOR, XOR, and XNOR. 


nia: 
ery i) 
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Allen-Bradley SLC 500 series programmable logic controllers 
have four logic gate instructions: NOT, AND, OR, and XOR. In this 
chapter, you will learn how to use these four instructions to perform 
the operations of logic gates for the sixteen-bit data bit files in a PLC 
system. 

There are two groups of internal bit data files in the SLC 500 PLC 
system. These data bit files are B3 and B10. Each data bit file contains 
256 words. This means that Allen-Bradley SLC 500 series PLCs have 
B3:0 through B3:255 and B10:0 through B10:255 internal 16-bit words. 
Therefore, SLC 500 series programmable logic controllers have 512 
internal 16-bit words for a total of 512 x 16 = 8,192 bits. Each internal 
bit can be used to control one internal coil. The contacts associated 
with these internal coils are used to turn on or turn off output devices. 
Notice that data bit files are referred to by B3 or B10 labels. However, 
each bit in the data bit file is labeled independently (e.g., B3/1, B3/2, 
B10/1, and B10/2). It should also be noted that one can reference each 
bit as B3/17 or B3:1/1. B3/17 means that you want to use the 17" bit in 
file B3 which is the same as bit one in word B3:1 (i.e., B3:1/1.) 

In this chapter, you will also learn how to use the bit shift instruc- 
tions of a PLC device to rotate bits through an internal bit data file. 
Allen-Bradley SLC 500 series PLCs have two bit shift instructions. 
These bit shift instructions are bit shift left (BSL) and bit shift right 
(BSR). In this chapter, you will learn how to use these instructions in 
ladder logic diagrams. 


q 11.2 Logic Gate Instructions 


Allen-Bradley SLC 500 series PLCs have four logic gate instruc- 
tions: NOT, AND, OR, and XOR. Figure 11-1 displays the logic gate 
instructions. The instructions carry out the operation for sixteen-bit 
internal bit data file words. 

As discussed in Chapter 7, the NOT, or invert, instruction converts 
a logic high (1) to a logic low (0) and vice versa. The AND instruction 
generates a logic low (0) whenever one of the corresponding bits is 0. 
The OR instruction generates a logic high (1) whenever at least one of 
the corresponding bits is 1. The XOR instruction generates a logic high 
(1) whenever the two corresponding bits in the word do not match. 
Figure 11-2 displays the 16-bit words in bit data file B3 used for the 
logic instructions displayed in Figure 11-1. Input words and the result 
of the logic instructions’ operations are displayed in Figure 11-2. For 
example, the result of logical AND for data words B3:2 and B3:3 are in 
the data word B3:4. 

The NAND, NOR, and XNOR logic instructions are built by 
inverting the AND, OR, and XOR instructions respectively. Exam- 
ine Figures 11-3, 11-4, and 11-5. These figures display how to cre- 
ate NAND, NOR, and XNOR logic instructions respectively. After 
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NOT 
0000 NOT 
Source Beno 
1111111100000000< 
Dest B3:1 
0000000011111111< 
AND 
0001 Bitwise AND 
Source A B222 
AAAAh< 
Source B Baise 
OOFFh< 
Dest B3:4 
OOAAh< 
OR 
0002 Bitwise inclusive OR 
Source A B365 
555602 
Source B B3:6 
FFOOh< 
Dest BSE 
FF55h< 
XOR 
0003 Bitwise exclusive OR 
Source A B28 
CE3Ch< 
Source B Bee) 
6EF2h< 
Dest B3:10 
AOCEh< 
0004 End 


Figure 11-1. The four logic instructions for Allen-Bradley SLC 500 series PLCs. 


a logic instruction is executed, the status bits in the status file are 
updated. The status bits are in word 52:0 bits 0-3 in the processor 
status file (S2). Descriptions of these bits are listed below. 


Status Bit Description 
$2:0/0 Carry (C) 
S2:0/1 Overflow (O) 
S2202 Zero (Z) 


S2073 Sign (S) 
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-> Data File 83 [bin] — BINARY 


li 


To ou Goo Roe ae E 
oMomw nn bs wo NF OD 
rorrrooopr ori 
anrrrrrooooco rM 
wee OF rF OC Ak ork 
i ooorrroooo rE 
| orrererooor o rE 
orreee oooor 
i orrrrooor ror 
i oooporrereroooor 
l .eococooorrrro 
, eror orororo 
$ 
ror rororor roo 
Ee ee ea 


Boor ocororore 


Figure 11-2. Binary bit data files for the logic 
instructions shown in Figure 11-1. 


AND 


0000 Bitwise AND 

Source A B3:0 
AAAAN< 

Source B Bsral 
OOFFh< 

Dest Bair 
OOAAh< 


0001 NOT 

Source Bee 
0000000010101010< 

Dest Bees 
aLiCiL iL iLabalaliayalfojalia)sl(olalce 


0002 


Figure 11-3. AND and NOT instructions can be combined to create a NAND instruction. 


Example 11-1 


For this example, assume that an expanded chassis SLC 503 
PLC has two input modules (I:1/0 and 1:2/0) and one output module 
(O:3/0). A logic one output must be generated whenever values of two 
input ports do not match. In an Exclusive OR instruction, the output 
is high if one input is low and the second one is high. Figure 11-6 
displays the PLC ladder logic diagram for Example 11-1. 
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0000 


0001 


0002 


OR 
Bitwise Inclusive OR 
Source A B3:0 
5555H 
Source B 1243} oil 
FFOOh< 
Dest BSk2 
FFSShe< 
NOT 
NOT 
Source BSE 
1111111101010101< 
Dest BEES 
0000000010101010< 


= 


Figure 11-4. Using an OR and a NOT instruction to create a NOR instruction. 


0000 


0001 


0002 


XOR 


Bitwise exclusive OR 
Source A BSE 
CE3Ch< 
Source B Bere 
6EF2h< 
Dest IES 2) 
AOCEh< 


NOT 

Source B3: 2 
1010000011001110< 

Dest Bees 
0101111100110000< 


Figure 11-5. Using an XOR and a NOT instruction to create an XNOR instruction. 


Figure 11-7 displays the input and output files for Example 11-1. 


The output files are created from the assumed input files. 
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wi 11.3 Shift Left Instruction 


PLC shift instructions are often used to control display signs in a 
plant or outside. A flashing arrow display showing that one lane in a 
highway is closed due to construction is one example. It can easily be 


constructed with a PLC bit shift instruction. 
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0000 


0001 


XOR 


Bitwise exclusive OR 
TAIRO 
€717h< 
132.0 
658Eh< 


Source A 


Source B 


Dest oramg 
A299h< 


Figure 11-6. PLC ladder logic diagram for Example 11-1. 


Bit shift left (BSL) 
instruction: 

Instruction that shifts the 
bits in the data file to the 
left once for every low- 
to-high transition on its 
input. 


Bit address: 

Parameter in the BSL 
and BSR instructions 
that indicate the starting 
bit position. 

Length: 

Parameter in the BSL 
and BSR instructions 
that indicate the number 
of bits to be shifted. 


= Data File tH [ent 


Figure 11-7. Input and output files for Example 11-1. 


Figure 11-8 displays the ladder diagram of a bit shift left instruc- 
tion for the Allen-Bradley SLC 500 series PLC. When a bit shift left 
(BSL) instruction is energized, it shifts a bit to the left for every pro- 
gram scan. In this example, the input pushbutton is used to energize 
the bit shift left instruction. Therefore, the pushbutton must be pressed 
to energize the BSL instruction. 

The B3 or B10 file can be used to contain the bits to be shifted. In 
Figure 11-8, bit data file B3 contains the bits. The bit address for a BSL 
instruction is the bit in the starting position. The number of bits that 
are shifted determines the length. The bit where the last shifted bit 
exits is called the unload bit. 

In Figure 11-8, the bit address is B3/0 or B3:0/0 and the length is 
seven. Therefore, bits B3/0, B3/1, B3/2, B3/3, B3/4, B3/ 5, and B3/6 are 
shifted to the left. The last bit (the bit address) exits and can reenter 
at the bit on the beginning of the length (B3:0/0). This is done if you 
have instructions similar to that in rung 0002 of the ladder logic dia- 
gram in Figure 11-8. Note that the unload bit (R6:0/UL) is placed onto 
bit B3:0/0. 
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#B3 :0 


R6:0 
B3:0/0 


0000 
Move 
Source 
Dest 
Length 
BSL 
00 : 5 
01 Bit shift left 
File 
Control 
Bit Address 
Length 
0002 
0003 
0004 


Figure 11-8. Bit shift left (BSL) instruction for the Allen-Bradley SLC 500 PLC. 


In the bit shift left instruction, a control register must be used to 
hold the status flag bits. PLCs use the status flag bits in control regis- 
ters to monitor and control the shift instruction. Registers in data file 
control register (R6) are used as control registers. These control reg- 
isters are R6:0 through R6:255. Therefore, Allen-Bradley SLC 500 PLCs 
have 256 control registers. 

In Figure 11-8, register R6:0 is the control register. In the control 
register, two status bits are available to the PLC programmer. These 
bits are the enable bit (R6:0/EN) and the done bit (R6:0/DN). The 
enable coil (R6:0/EN) is energized when the BSL instruction is on. 
The done coil (R6:0/DN) is energized when the BSL instruction has 
shifted all bits as specified by the length. The contacts associated with 
these bit coils can be used to turn on or turn off other PLC instructions 
or output devices. 

The reset (RES) instruction can be used to reset the BSL instruc- 
tion. In Figure 11-8, the reset button is energized when switch I:1/0 is 
closed. Then, the BSL instruction resets to position zero. Example 11-2 
illustrates how to use the BSL instruction in ladder logic diagrams. 


Control register (R6): 


Holds status flag bits. 
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| Example 11-2 


In this example, an ON-delay timer is used to control the speed of 
the operation of a BSL instruction. Figure 11-9 displays the PLC lad- 
der diagram for Example 11-2. Placing a one in bit address B30 of the 
data bit file causes the green pilot light (Green_PLT) to turn on. Then. 


70 TON 
0000 = n frees Timer ON Delay [/—( EN 
0 DN | Timer T4270 | 
Time Dase ea m DN — 
e 30 
T4:0 s 
0001 = SS Bit shift left x EN > 
aie | File #B3:0 
| Control RE:0 — oan 
Bit address B3:0/0 | 
Length 4| 
R6:0 BS :& 
0002 I bY NN a 
UL 0 
B3:0 0:8 
0003 m] a G ) 
0 ô 
B3:0 0:8 
goog Pp a Ft 
| 1 f 
| B3:0 0:2 
goes | FJ Fe 
Le. 
ooo rr 
l 1 a 
0007 m m 7 Bnd} 


Figure 11-9. PLC ladder logic diagram for Example 11-2. 
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the bit shift left (BSL) instruction rotates this high bit through B3/0, 
B3/1, and B3/2 in order to turn on the white pilot light (White_PLT), 
red pilot light (Red_PLT), and then again the green pilot light (Green_ 
PLT) every 3 seconds. Figure 11-10 displays the bit data file B3:0. 

When the PLC starts operating, the green pilot light (Green_PLT) 
turns on. Closing the switch in rung 0000 starts the timer. After three 
seconds, the timer done status coil (T4:0/DN) energizes. Then, the 
normally closed contact in rung 0000 (T4:0/DN) opens and the nor- 
mally open contact in rung 0001 (T4:0/DN) closes. 

When the normally closed contact in rung 0000 opens, the non- 
retentive timer ON-delay zero (T4:0) resets the content of its accumulated 
register to zero (14:0.ACC = 0). When the normally open contact in rung 
0001 closes, the BSL instruction shifts the bit in B3/0 to the left. 

Now the B3/1 bit is high. Therefore, the white pilot light 
(White_PLT) turns on. 

Notice that the non-retentive timer ON-delay (14:0) resets when 
normally closed contact (T4:0/DN) opens. After another three sec- 
onds, the timer done coil (T4:0/DN) energizes again. Then, the BSL 
instruction shifts the bits to the left once more. Now, the red pilot light 
(Red_PLT) turns on and the white pilot light (White_PLT) turns off. 

Consequently, each of the pilot lights (0:2/0, O:2/1, and O:2/2) 
turns on in sequence for three seconds. After four bits shift left, the 
normally open contact (R6:0/DN) closes and resets the BSL instruc- 
tion. Now, the green pilot light (O:0/0) turns on. The process continues 
until the switch in rung 0000 is opened to stop the timer instruction. 
Closing the normally open pushbutton in rung 0005 can also reset the 
BSL instruction. 


fi 11.4 Shift Right Instruction 


Operation of the bit shift right instruction is similar to the opera- 
tion of the bit shift left instruction. When a bit shift right (BSR) Bit shift right 


instruction is energized, it shifts a bit to the right for every program E pam rm 
bits in the data file to the 
right once for every low- 
to-high transition on its 


input. 
_2 Pata Fide 8J (bin) 


De O De Dee OeGe Oe OO OOO S08 04 


Figure 11-10. Bit data word B3:0 is used in the 
bit shift left instruction. 
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0000 


0001 


0002 


0003 


0004 
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scan. Figure 11-11 displays the schematic diagram of a BSR instruc- 
tion for the Allen-Bradley SLC 500 series PLC. 

Whenever the input pushbutton in rung 0001 is pressed, the data 
bits in file B3:0 are shifted to the right. This means that the pushbut- 
ton must be pressed’ to energize the BSR instruction. The length of 
the data bit file shown in Figure 11-11 is six. Therefore, for each low- 
to-high input, bits B3/5, B3/4, B3/3, B3/2, B3/1, and B3/0 are shifted 
to the right once. The last bit (B3/0) exits and reenters at the bit on the 
beginning of the length (B3/5). This is done by placing the unload bit 
(R6:1/UL) in (B3:0/5). 

The done coil in control register (R6:1/DN) is energized when the 
instruction has shifted the bits six times. Similar to the bit shift left 
instruction, the reset (RES) instruction in rung 0003 resets the bit shift 
right instruction to position zero. Example 11-3 illustrates how to use 
the BSR instruction in PLC ladder logic diagrams. 


Move 
Source 


Dest 


BSR 


Bit shift right 
File #B3:0 
Control Reese 
Bit address B3:0/5 
Length 


Figure 11-11. Bit shift right (BSR) instruction for the Allen-Bradley SLC 500 PLC. 
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Figure 11-12 displays the PLC ladder logic diagram for Exam- 
ple 11-3. Figure 11-13 displays the bit data file for Example 11-3. 
Notice that bit three (B3/3) is set to one. 


TIo TON 


0000 a Timer On Delay 
0 Timer T4:0 
Time base 0) 5.4L 
Preset 40 


Accum 


0001 Bit shift right 

File #B3:0 
DN 

Control R6:0 
Bit address B3:0/3 
Length 4 

0002 

0003 

0004 

0005 

0006 

0007 


Figure 11-12. PLC ladder logic diagram for Example 11-3. 
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|; Data File B3 fbin} BINARY 


©00000000 0 0 0 O 


Figure 11-13. Bit data file for Example 11-3. 


When the PLC starts operating, all the lights are off. Closing the 
switch in rung 0000 starts the timer. After four seconds, the timer done 
status coil (T4:0/DN) energizes. Then, the normally closed contact in 
rung 0000 (T4:0/DN) opens and the normally open contact in rung 
0001 (T4:0/DN) closes. 

When the normally closed contact in rung 0000 opens, the non- 
retentive timer ON-delay zero (T4:0) resets the content of its accumu- 
lated register to zero (T4:0.ACC = 0). When the normally open contact 
in rung 0001 closes, the bit shift right instruction (BSR) shifts the bit 
B3/3 to the right. 

Now, the bit B3/2 is high. Therefore, red pilot light (Red_PLT) 
turns on. 

Notice that the non-retentive timer ON-delay (T4:0) resets when 
normally closed contact (T4:0/DN) is opened. After another four sec- 
onds, the timer done coil (T4:0/DN) energizes. Then, the BSR instruc- 
tion shifts the bits to the right once more. Now, the white pilot light 
(White_PLT) turns on and the red pilot light (Red_PLT) turns off. 

Following the pattern, you can see that each of the output lights 
(O:2/0, O:2/1, and O:2/2) will turn on sequentially for four seconds. 
Then, all the outputs turn off and the process continues until the 
switch in rung 0000 is opened to stop the timer instruction. Closing 
the normally open reset pushbutton in rung 0006 can also reset the 
BSR instruction. 


fi Summary 


The NOT instruction converts a bit file word's bits from a logic 
high (1) to a logic low (0), and vice versa. 


e The AND, OR, and XOR instructions perform logic operations 
on the bit of two data source locations and place the outcome in 
a destination location. 


e The bit shift left (BSL) instruction shifts left a specified number 


of bits in a file; the bits are shifted one position every time the 
instruction is energized. 


ane 
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The bit shift right (BSR) instruction shifts right a specified 
number of bits in a file; the bits are shifted one position every 
time the instruction is energized. 


Bit shift instructions (BSL and BSR) are typically used to control 
lights on a display board. 


view Questions 


How many control registers are available in an Allen-Bradley 
SLC 500 PLC? Name them. 


. Which coil is energized to indicate that a bit shift left (BSL) has 


shifted the bits as many times as indicated in the length? 


. Which data file(s) are ordinarily used for bit shift instructions? 
. How can a bit shift instruction be brought to its beginning or 


original position? 


. What instruction can be used to reset a bit shift instruction? 
. When is the control bit R6:0/EN in a bit shift instruction 


energized? 


. What input transition causes the bit shift right (BSR) instruction 


to shift the bits once? 


Complete each of the following sentences with the correct word(s). 


8. 


16. 


LZ, 


In bit shift instructions, data file or can hold the 
bits, which are to be shifted. 


. The bit where the first shifted bit exits is called the ? 
. The determines the number of bits to be shifted. 
. Words through 


can be used for control registers in 


the bit shift instructions. 


. For every low-to-high input switch transition on the bit shift left 


(BSL) instruction, data bits will shift once. 


. Ina bit shift right (BSR) instruction that uses the R6:0 control 


register, the enable bit is addressed as 


. The enable coil is when a normally open input switch to 


the bit shift right (BSR) instruction is closed. 


_ Ina bit shift right (BSR) instruction that uses the R6:0 register, 


the done coil is energized when the BSR instruction has 
shifted all the bits as specified by the length. 

The bit must be used to bring the BSR instruction 
position to the start position. 

For every low-to-high input switch transition on the bit shift 
right (BSR) instruction, data bits will shift once. 
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Specify if the following statements are true or false. 


18. 


19; 
20. 


PATS 
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Zo: 


24. 


25. 


You may use registers R6:0 through R6:255 for control registers 
in bit shift instructions. 

The R6:0/DN bit can be used to reset the BSL instruction. 
Usually, the N7 data file holds the bits for the bit shift left (BSL) 
instruction. 

Usually, the B3 data file holds the bits for the bit shift right (BSR) 
instruction. 

The B10 data file can hold the bits for the bit shift left (BSL) 
instruction. 

The R6:0/EN is energized when the input to the bit shift left 
(BSL) is closed. 

The reset (RES) instruction is used to reset the BSL and BSR 
instructions. 

Usually the T4:0/DN contact of a timer ON-delay instruction is 
used as an input instruction to bit shift instructions. 
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compare instructions greater than (GRT) jump (JMP) instruction 
equal to (EQU) less than or equal to (LEQ) master control reset (MCR) 
not equal to (NEQ) greater than or equal to (GEQ) instruction 

less than (LES) 


4 Learning Objectives 
m After completing this chapter, you will be able to: 
e Use a compare instruction to energize a coil. 
e Cascade compare instructions to set upper and lower limits in a 
control system. 
e Use the jump (JMP) instruction to skip over rungs in a PLC 
ladder logic diagram. 
e Use multiple jump (JMP) instructions with multiple label (LBL) 
instructions in a PLC ladder logic diagram. 
e Use compare instructions to energize the jump (JMP) 
instructions. 


e Use a master control reset (MCR) instruction to halt the 
operation of a section of a PLC ladder logic diagram. 


F 12.1 Introduction 


In control systems, sometimes certain conditions must be tested 
to perform appropriate action. Compare instructions are used to test 
these conditions. 
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Compare instructions 


PLC instructions used 
to compare numerical 
values. 


Equal to (EQU): 


Instruction that lets 
current pass through 
when Source A is equal 
to Source B. 


In Allen-Bradley SLC 500 series programmable logic controllers, 
there are six compare instructions. The compare instructions are the 
following: 

e Equal to (EQU). 

e Not equal to (NEQ). 

e Less than (LES). 

e Greater than (GRT). 

e Less than or equal to (LEQ). 

e Greater than or equal to (GEQ). 


These compare instructions, either individually or in conjunction 
with each other, can be used to check content of PLC registers. In this 
chapter, you will learn how to use them. 

When a PLC is scanning a ladder logic diagram, sometimes one 
or more rungs should not be scanned. When a rung is not scanned, 
the state of the instructions on the rung remains the same. The condi- 
tion for skipping over rungs can be generated either by the state of 
an input/contact or as the result of a compare instruction. The jump 
instruction (JMP) in a PLC is used to skip over rungs and therefore not 
execute their instructions. In this chapter, you will learn how to use 
the JMP instructions in PLC ladder logic diagrams. 

During emergency conditions, when the power source connected 
to a section of the control system is removed, the operation of the PLC 
must be halted. Yet, the power to the PLC needs to be maintained so 
that the ladder logic diagram stays in the PLC RAM memory. When 
power is removed from RAM memory, everything is lost. Therefore, 
PLC systems are usually connected to an Uninterruptible Power Sup- 
ply (UPS). Thus, during electric power losses the ladder logic program 
in the PLC memory is not erased. However, during the power loss, 
the operation of the system must be halted. The master control reset 
(MCR) instruction is used to stop the operation of the PLC system. The 
MCR instruction is also used for safety such as keeping moving parts 
from starting automatically when power is restored. In this chapter, 
you will learn how to use the MCR instruction in PLC ladder logic 
diagrams. 


E 12.2 Compare Instructions 


Compare instructions are PLC instructions used to compare 
numerical values. There are six basic PLC compare instructions. These 
compare instructions are listed in Figure 12-1. Most PLC devices have 
these basic compare instructions. The Allen-Bradley SLC 500 series 
PLCs also have these six basic compare instructions. In this section, 
you will learn how to use the compare instructions. You will also 
learn to cascade two compare instructions. 

Figure 12-2 displays the equal to (EQU) compare instruction. 
Source A must be a register. Source B can be either a register or a 
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number. With the equal to instruction, when the content of Source 
A is equal to the content of Source B, the current will pass through 
the EQU instruction block. In Figure 12-2, Source A and Source B are 
registers. When the content of register N7:0 is equal to the content of 
register N7:1, the pilot light (O:0/0) turns on. 

Figure 12-3 displays the not equal to (NEQ) compare instruction. Not equal to (NEQ): 
It is, as it sounds, the opposite of the equal to instruction. Source A must ae <a 

: : : > pass through 

be a register. Source B can be either a register or a number. With the 


when Source A is not 
not equal to instruction, when the content of Source A is not equal to equal to Source B. 


Figure 12-1. The six basic PLC compare instructions. 


EQU :0 
0000 Equal D 
Source A 0 
Source B 
0001 End )— 


Figure 12-2. The equal to (EQU) compare instruction. 


NEQ 


Not equal 
Source A 


0000 


Source B 


pon a 
0001 


Figure 12-3. The not equal to (NEQ) compare instruction. 
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Less than (LES): 
Instruction that lets 
current pass through 
when Source A is less 
than Source B. 


Greater than (GRT): 
Instruction that lets 
current pass through 
when Source A is greater 
than Source B. 


Less than or equal 

to (LEQ): 

Instruction that lets 
current pass through 
when Source A is less 
than or equal to Source B. 


0000 Less than 
Source A 
Source B 
0001 


LES 


the content of Source B, current will pass through the NEQ instruction 
block. Therefore, in Figure 12-3, when the content of register N7:0 is not 
equal to the content of register N7:1, the pilot light (0:0/0) turns on. 

Figure 12-4 displays the less than (LES) compare instruction. 
Source A must be a register. Source B can be either a register or a 
number. With the less than instruction, when the content of Source A 
is less than the content of Source B, current will pass through the LES 
instruction block. Therefore, in Figure 12-4, when the content of regis- 
ter N7:0 is less than the content of register N7:1, the pilot light (0:0/0) 
turns on. 

Figure 12-5 displays the greater than (GRT) compare instruction, 
which does the opposite of the less than instruction. Source A must 
be a register. Source B can be either a register or a number. When the 
content of Source A is greater than the content of Source B, current 
will pass through the GRT instruction block. Therefore, in Figure 12-5, 

when content of register N7:0 is greater than the content of register 
N7:1, the pilot light (O:0/0) turns on. 

Figure 12-6 displays the less than or equal to (LEQ) compare 
instruction. Source A must be a register. Source B can be either a 
register or a number. When the content of Source A is less than or 
equal to the content of Source B, current will pass through the LEQ 


(A<B) 
N7:0 
0< 
NN 
0< 


Figure 12-4. The less than (LES) compare instruction. 


0000 


GRT 


Greater than 
Source A 


Source B 


(A>B) 
N7:0 
0< 
N 
0< 


0001 = 


in 


Figure 12-5. The greater than (GRT) compare instruction. 
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instruction block. Therefore, in Figure 12-6, when content of register 
N7:0 is less than or equal to the content of register N7:1, the pilot 
light (O:0/0) turns on. 

Figure 12-7 displays the greater than or equal to (GEQ) com- 
pare instruction. Source A must be a register. Source B can be either a 
register or a number. When the content of Source A is greater than or 
equal to the content of Source B, current will pass through the GEQ 
instruction block. Therefore, in Figure 12-7, when content of register 
N7:0 is greater than or equal to the content of register N7:1, the pilot 
light (O:0/0) turns on. 

In some industrial applications, the condition being tested is 
tested for bandwidth. This means that the compare instructions need 
to test for an upper and a lower limit. For these types of applications, 
two or more compare instructions are connected in series. Example 12-1 
illustrates how to connect two compare instructions in series. 


Greater than or 

equal to (GEQ): 
Instruction that lets 
current pass through 
when Source A is greater 
than or equal to Source B. 


In this example, the content of a counter-accumulated register is 
tested. If the content is less than five, all pilot lights are off. If the con- 
tent is between five and ten, the white pilot light (White_PLT) turns 


LEQ 
0000 Less than or equal (A<=B) 
Source A N7:0 


0< 
Source B Nie 
0< 


0001 


Figure 12-6. The less than or equal to (LEQ) compare instruction. 


GEQ 


0000 


Source A N7:0 
O< 
Source B N7:1 


0< 


(0) 
0 
En 
O 


Greater than or equal (A>=B) o o 


:0 
d 
zig) 
0 
End 


0001 _— ot 


Figure 12-7. The greater than or equal to (GEQ) compare instruction. 
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on. If the content is equal to ten, the green pilot light (Green_PLT) 
turns on. If the content is greater than ten, the red pilot light 
(Red_PLT) turns on. Figure 12-8 displays the PLC ladder logic dia- 
gram for this example. 

Looking at rung 0001, a GEQ instruction has been cascaded with 
an LES instruction. The GEQ instruction requires a number greater 
than or equal to five to allow the white pilot light (White_PLT) to trig- 
ger. The LES instruction requires a number less than 10. Thus, in rung 


CTU 


0000 Count up 
1 Counter  CS20 
Preset 20< 
Accum 3< 
GEQ ; LES 
0001 Grtr than or eql (A>=B) Less than (A<B) 
Source A C5:0.ACC Source A C5:0.ACC 
Be 3< 
Source B 5 Source B 10 
Be 10< 
EQU 
0002 Equal 
Source A C5:0.ACC 
3z 
Source B 10 
1o 
GRT 
0003 Greater than (A>B) 
Source A C5:0.ACC 
3< 
Source B 10 
10< 
E520 
0004 
DN 
ele 
0 
0005 


Figure 12-8. PLC ladder logic diagram for Example 12-1. 
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0000, if the pushbutton (1:0/1) is pressed between five and nine times, 
the condition for the cascaded compare instructions in rung 0001 is 
met and the white pilot light (White_PLT) turns on. 

The compare instructions in rungs 0002 and 0003 test the condi- 
tions for equal to (EQU) and greater than (GRT). When the pushbut- 
ton is pressed 20 times, the reset (RES) instruction in rung 0004 is 
energized and the counter resets to zero. Closing the switch (1:0/0) 
can also reset the counter. 


ae Unconditional Jump 


The jump (JMP) instruction in a PLC is used to skip over rungs. Jump (JMP) instruction: 
Therefore, when the jump instruction is used, the PLC will not execute When current flows 


: : ane : : : through the JMP 
the instructions of a rung that is jumped. The jump (JMP) instruction M i (i.e., JMP 


is always assigned a number. Also, the jump instruction must have is energized) rungs 
a label instruction (LBL) with the same assigned number. If a ladder between the JMP and its 
similarly addressed LBL 
will not be scanned. 


logic diagram has several jump instructions, each jump instruction 
must have a label instruction with a matching number. The jump 
instruction and its associated LBL must have the same addresses. Q2:0 
through Q2:255 are the addresses used for the jump (JMP) instruc- 
tions. Therefore, you can have up to 256 jumps and their pertaining 
label functions in a PLC ladder logic diagram. 

Figure 12-9 illustrates the use of the jump instruction in a PLC 
ladder logic diagram. Notice in the diagram, this jump instruction is 


0000 


0001 


0002 


0003 


0004 


Figure 12-9. The jump (JMP) instruction for the Allen-Bradley SEG 500 PLC 
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activated when the switch (1:0/0) is closed. When the switch (I:0/0) is 
open, pressing the pushbutton (I:0/1) turns both pilot lights on. How- 
ever, if the switch is closed, the jump (JMP) instruction will activate. 
In Figure 12-9, the jump and label instructions are assigned to have 
address number one (Q2:1). 

When the switch is closed, the JMP instruction is energized. 
Now, pressing the pushbutton only turns on the green pilot light 
(Green_PLT). Rung 0002 is skipped over during the PLC program 
scan. Notice that the label instruction (LBL) must always be connected 
in series with an output or internal coil bit. This is because every rung 
in a ladder logic diagram must have an output or internal coil for the 
last instruction. In rung 0003, you can see that the LBL instruction is 
connected in series with internal coil bit B3:0/0. 

The jump instruction is a very useful tool. The jump instruction 
in PLC ladder logic diagrams is used to formulate the if-then-else pro- 
gramming code capability. 


Ri 12.4 Conditional Jump 


In Section 12.3, you learned how to activate a jump (JMP) instruc- 
tion by closing a switch. By combining the jump instructions with the 
compare instructions you studied in Section 12.2, you can create con- 
ditional jump instructions. This means that when a specific condition 
(or conditions) is met, the jump instruction will be activated. Example 
12-2 illustrates how to use compare and jump instructions in a PLC 
ladder logic diagram. 


Example 12-2 


In this example, the content of a counter-accumulated register 
(C5:0.ACC) is tested. If the content is less than five, closing switch 
(1:0/0) turns on both pilot lights. If the content is equal to five, then 
closing the switch will only turn on the red pilot light (Red_PLT). If 
the content is greater than seven, then closing the switch will only 
turn on the green pilot light (Green_PLT). Figure 12-10 displays the 
PLC ladder logic diagram for Example 12-2. 

Pressing the green pushbutton increments the content of the 
accumulator register for counter zero (C5:0.ACC). When the content 
of the accumulated register is equal to five, closing the switch will 
not turn on the green pilot light. When the content of the accumu- 
lated register is greater than seven, closing the switch will not turn 
on the red pilot light. Pressing the red pushbutton (Red_PB) resets 
the counter. 

re ; < 

The conditional jump instruction can be used in many areas. One 
common area for this instruction is in process control for packaging 
and sorting. For example, soft drink bottles are passing down a line. 


0000 


0001 


0002 


0003 


0004 


0005 


0006 


0007 


0008 
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CTU 
Count up 
Counter C530) 
Preset 10< 
Accum 2< 


EQU 
Equal 
Source A C5:0.ACC 
25 
Source B 5 
5s 


GRT 
Greater than (A>B) 
Source A ESEO ACE 
2< 
Source B 7 
TS 


Figure 12-10. PLC ladder logic diagram for Example 12-2. 


When the packaging machine counts out 12 bottles, the bottles need to 
be placed in a cardboard container. So, after a count of 12, the machine 
does a conditional jump to a packaging routine. 
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Master control reset 
(MCR) instruction: 
When current stops 
flowing through the MCR 
instruction (1.e., MCR is 
de-energized), outputs 
on the rungs between 
the two MCR instructions 
will turn off. 


Example 12-3 


B25 Master Control Reset (MCR) 


The master control reset (MCR) instruction is used to stop the 
operation of the control system during a high-voltage power outage 
to the control system.. Notice that during the power outage, the PLC 
will still be energized either by the on-board battery or the UPS sys- 
tem. There are two major differences between the MCR and the JMP 
instructions. 

1. The JMP instruction must be energized to be activated. The MCR 
instruction must be de-energized to be activated. Therefore, 

the MCR instruction is usually connected to a normally closed 

switch. 


2. When the JMP instruction is activated, the instructions on the 
rungs between the JMP and LBL instructions are skipped over. 
This means that the output between JMP and LBL instructions 
retain their previous status. When MCR is activated, the 
instructions between the MCR instructions are turned off. 


The MCR instruction is usually connected to the control power 
switch. This is so that in case of power failure, the control system shuts 
down. Example 12-3 illustrates how to use the MCR instruction in a 
PLC ladder logic diagram. 


Figure 12-11 displays the PLC ladder logic diagram for the Exam- 
ple 12-3. Closing the normally open switch turns on both pilot lights. 
If you press the normally closed red pushbutton (Red_PB) the MCR 
instruction activates. Then, both pilot lights turn off. 


0002 


0003 


Figure 12-11. PLC ladder logic diagram for Example 12-3. 
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Therefore, when the MCR coil is de-energized, the rungs between 
the two MCR instructions turn off. Notice that when the outputs were 
skipped due to energized jump instructions, they retained their pre- 
vious states. However, when the MCR instruction is de-energized, 
the outputs turn off. Note that when MCR is de-energized, then the 
instructions between the two MCR lines will turn off. Hence, the MCR 
instruction on the top rung is usually connected to a normally closed 
input. 


fi Summary 
e There are six basic compare instructions: equal to (EQU), not 


equal to (NEQ) less than (LES), greater than (GRT), less than or 
equal to (LEQ), and greater than or equal to (GEQ). 


e There are two program control instructions: jump (JMP) and 
master control reset (MCR). 


e Compare instructions can be cascaded to set upper and lower 
limits in a control system. 


For the equal to (EQU), not equal to (NEQ), less than (LES), 
greater than (GRT), less than or equal to (LEQ), and greater than 
or equal to (GEQ) instructions, Source A must be a register, but 
Source B can be either a register or a number. 


i Review Questions 
F 


1. Describe the basic PLC compare instructions and provide an 

example for each compare instruction in a ladder logic diagram. 

. Use the basic PLC compare instructions to create a PLC ladder 

logic diagram for testing the condition for less than ten and 
greater than or equal to five. 

3. Use the basic PLC compare instructions to create a PLC ladder 
logic diagram for testing the condition for less than twelve, but 
not equal to nine. 

4. Ina GEQ instruction, when Source A is equal to Source B, can 
current flow through the GEQ instruction block? 

5. Can you connect two or more compare instructions in series? If 
the answer is yes, provide an example. 

6. In the LES instruction, can both Source A and Source B be 
numbers? 

7 Inthe LEQ instruction, when Source A is equal to Source B, can 
current flow through the LEQ instruction block? 

8. In the EQU instruction, can both Source A and Source B be 
registers? 

9, How do you activate the jump (JMP) instruction? 


No 
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10. How do you activate the master control reset (MCR) instruction? 
11. What happens to the state of instructions in the rungs that are 
jumped over? 


12. When the MCR instruction is activated, what happens 
to instructions on the rungs that are between the MCR 
instructions? 


13. When do you use the MCR instruction? 


Complete each of the following sentences with the correct word(s). 


14. In an EQU instruction, Source A and Source B can both be 


15. In an EQU instruction, one source may be a(n) while the 
other source is a register. 

16. In an EQU instruction, when the content of Source A is 
the content of Source B, the current will flow through the EQU 


instruction block. 

17. Ina GRT instruction, when content of Source Ais______ the 
content of Source B, the current can pass through the GRT 
instruction block. 

18. In a GEQ instruction, when content of Source A is the 
content of Source B, the current can pass through the GEQ 
instruction block. 

19. In GRT and GEQ instructions, both Source A and Source B can 
be : 

20. In GRT and GEQ instructions, both Source A and Source B 
cannot be 

21. Each JMP instruction must have a(n) instruction. 

22. A jump instruction (JMP Q2:1) is associated with the label 
instruction 


23. When a rung is skipped over, the state of its I/O instructions 


24. The rung with a LBL instruction must have an output 
instruction or a(n) 


25. You must the JMP instruction to activate it. 


26. When the MCR instruction is de-energized, the PLC control 
system turns 

27. The instructions in the rungs between two MCR instructions 
turn whenever the MCR instruction is energized. 

28. The jump instruction must be to cause a jump, while the 
MCR coil must be to activate the MCR instruction. 


29. When rungs are de-energized by MCR instructions, their 
outputs are turned ; 
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Specify if the following statements are true or false. 


30. 
elk 
32 


oe) 


34. 


25 


36. 
of, 
38. 


You must energize a JMP coil to activate the JMP instruction. 
You must energize a MCR coil to activate the MCR instruction. 


The states of the instructions that are jumped over remain the 
same. 


When the MCR instruction is de-energized, the state of the 
instructions that are between the MCR instructions remain the 
same. 


In a GEQ instruction, when Source A is equal to Source B, the 
current can flow through the GEQ instruction block. 


In a GEQ instruction, when Source A is greater than Source B, 
the current can flow through the GEQ instruction block. 


Two compare instructions can be connected in series. 
Ina GRT instruction, Source A and Source B can both be registers. 
In a GRT instruction, Source A and Source B can both be numbers. 


Using the JMP and MCR instructions, draw the PLC ladder logic diagram 
for the following problems. 


39. 


40. 


41. 


Draw the PLC ladder logic diagram that calculates the sum of 
two counter-accumulator registers. Place the sum in the preset 
register of the third counter. If the sum is equal to 15 or 20, turn 
the red pilot light (Red_PLT) ON. If the accumulator register for 
counter number two is equal to 13, turn the light OFF. Make sure 
to include a reset switch for the counters. 

Draw the PLC ladder logic diagram that calculates the difference 
of two counter-accumulator registers. Place the difference in a 
temporary integer register. If the difference is greater than 10 but 
not equal to 13, turn the green pilot light (Green_PLT) ON. If the 
accumulator register for counter number two is equal to 4, 

turn the light OFF. Make sure to include a reset switch for the 
counters. 


Implement the following equation on your PLC simulator. 


where, 
R; is the resistance value for temperature t. 
R, is the resistance value for temperature tz. 
T, is temperature in degree Kelvin, T, =.t, + 273. 
T, is temperature in degree Kelvin, T, = t, + 273. 
Assume that three counters provide the variables labeled R,, t, 


and t. Your PLC program should calculate R). 
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If R, is greater than 100 ohms, turn the red light on. If R, is less 
than or equal to 100 ohms, turn the green light on. 
42. Write a PLC program to implement the following equation. 
R= p x ( IL f A) 
where, 
R represents the resistance value of a wire. 
p represents the resistance constant value of the wire 
material. 
L is the length of the wire. 
A is the cross-sectional area of the wire. 
Assume that the variables p, L, and A are in registers N7:0, N7:1, 
and N7:2 respectively. 

Your PLC program should calculate R. If R is greater than 47 
ohms, turn the red pilot light on. If R is equal to 47 ohms, turn 
the green pilot light on. If R is less than 47 ohms, turn the yellow 
pilot light on. 
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PLC Subroutine Functions 
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* 13.1 Introduction 
13.2 Subroutine Concept 
13.3 Jump to Subroutine 
13.4 Return from Subroutine 
13.5 Subroutine Applications 
13.6 Interrupt Routines 


si Technical Terms 


subroutines stack interrupt routine (ISR) 
program counter jump to subroutine (JSR) selectable timed interrupt (STI) 
return (RET) instruction 


fi Learning Objectives 
=* After completing this chapter, you will be able to: 
e Describe the function of subroutine(s) in a PLC ladder logic 
diagram. 
e Create PLC ladder logic diagrams that incorporate one or more 
subroutines. 
e Create ladder logic diagrams for subroutine files. 
e Name or rename subroutine files. 
e Use input devices to call subroutine files. 
e Use compare instructions in the main PLC ladder logic diagram 
to call subroutine files. 
e Explain the difference between interrupt routines and 
subroutines. 


i 13.1 Introduction 
4 


A main ladder logic diagram is always used in a programmable 
logic controller (PLC) system. However, PLC programs may also con- 
sist of several additional ladder logic diagram files. These additional Subroutines: 
ladder logic files are called subroutines. The specific subroutine to jia — 
be executed in a PLC program scan depends on the state of an input — garam tiles Routine 


device or the result of a compare instruction. other than the main file. 
251 


252 


Program counter: 

Item that points to the 
next line of instruction 
that is to be executed by 
the PLC processor. 


Return (RET) 
instruction: 

An instruction used 

to return the program 
counter to the main file 


from a subroutine file. 


Stack: 

The area created in the 
random access memory 
(RAM) whenever a 
subroutine file is called 
from the main program 
file. 


t 
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In Allen-Bradley SLC 500 series PLCs, the main ladder logic dia- 
gram, or main file, is in program file number two. (In the RSLogix 
software for Allen-Bradley SLC 500, program file number two is 
shown as LAD 2.) The first two program files, program files zero 
and one, are system files (SYSO and SYS1). System files are not avail- 
able to the programmer. PLC ladder logic diagrams for subroutines 
can be placed in file number three (LAD 3) through file number 255 
(LAD 255). Theoretically, there are 253 files available for subroutines 
(file #3 through file #255). However, the number of subroutines and 
their length are restricted by the size of the PLC memory. 

In this chapter, you will study the procedures for calling and exe- 
cuting one or more subroutines in a PLC program. These subroutines 
will be selected according to the state of the input devices or the condi- 
tions of the compare instructions. 

You will learn how to use the jump to subroutine instruction in 
the main program file to call a subroutine file for PLC scanning. You 
will also learn how to place a return instruction in the subroutine file. 
This function allows the PLC to return to scanning the main program 
file after scanning the subroutine file. 


ah 3.2 Subroutine Concept 


It is better to write programs that consist of several modules or 
subroutines than to write a lengthy single module program. When 
programs are written with subroutines, each program module 
(subroutine) can be tested individually to ensure accuracy. These 
subroutines can then be called from the main program. Figure 13-1 
illustrates how two subroutines are called from the main program. 
The subroutines (Subroutine #1 and Subroutine #2) are called from 
the main program. 

When a subroutine is called from the main program, the program 
counter for the PLC processor points to the instructions in the subrou- 
tine. The program counter holds the address of the next instruction that 
is going to be executed. After executing the instructions in the subrou- 
tine, the return (RET) instruction at the end of the subroutine causes 
the program counter to return to the main program. The PLC processor 
then continues executing the instructions in the main program. 

Prior to jumping to a subroutine module, the PLC processor cre- 
ates a stack on the random access memory (RAM) section of the system 
memory. This stack holds the content of the following PLC processor 
registers: 

e The program counter. 


e = The flag register. 
e General purpose and pointer registers. 


Therefore, a call instruction causes the processor to first create a 
stack (pushes register content into RAM) and then starts executing the 
instructions in the subroutine module. 
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Main program 


Subroutine #1 Subroutine #2 


ie 
æ, 


t. |, 


Figure 13-1. Schematic diagram displaying a main program with calls to two subroutines. 


After executing the instructions in a subroutine module, the 
contents of the stack are reloaded into the PLC processor registers. 
Therefore, the RET instruction in the subroutine module first pulls 
the content of the memory out of the stack and places it back into the 


processor registers. The program execution in the main program then 
resumes. 


Jump to 


gi 13.3 Jump to Subroutine E es 


Figure 13-2 displays a PLC ladder logic diagram that contains ar eae 
two subroutines. There are two jump to subroutine instructions. The 


the main program file or 
jump to subroutine (JSR) instruction is used to call a subroutine from file two (LAD 2). 
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0000 


0001 


0002 
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JSR 


Jump to subroutine 
SBR file number U:3 


JSR 


Jump to subroutine 
SBR file number U:4 


Figure 13-2. PLC ladder logic diagram with two subroutines. 


the main program file. When normally open switch one (Switch_1) is 
closed, the JSR instruction for subroutine one is activated. This causes 
the PLC instruction counter to point to the instructions in subroutine 
one and start executing the instructions in that subroutine. 

Notice the U:3 in the JSR instruction box on rung 0000. This means 
that subroutine file three (U:3) holds the ladder logic diagram for sub- 
routine one. Therefore, in the project tree area, under the Program Files 
section, file three must be created. Figure 13-3 illustrates how to create 
a new subroutine file for the Allen-Bradley SLC 500 series PLC using 
Rockwell software RSLogix 500. You should right-click Program Files 
and then click New to create a new subroutine file. Figure 13-4 displays 
the properties of the program file for subroutine one. 

Figure 13-2 shows that subroutine two can be activated if nor- 
mally open switch two (Switch_2) is closed. File four (U:4) was cre- 
ated for subroutine two. Therefore, using the jump to subroutine (JSR) 
instructions, you can activate either subroutine one or subroutine two. 
The U:3 file is called LAD 3 in the project tree area. Assigning the 
name SUB1 to it renames this file LAD 3-SUB1. 
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Fiaure 13-3. Creating a siihraitina fila 
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Create Program File 


Figure 13-4. The Create Program File dialog box 
with properties for subroutine one. 


fi 13.4 Return from Subroutine 


Figure 13-5 displays the ladder logic diagram of subroutine 
one from Figure 13-2. The first rung must have the subroutine (SBR) 
instruction to indicate that the program in this file represents a sub- 
routine. An output instruction must be connected to the SBR instruc- 
tion. In Figure 13-5, the internal bit zero (B3:0/0) is used. Unless stated 
otherwise, it is recommended to use one of the internal bits so that the 
limited number of PLC outputs is not wasted. 

When the normally open switch one (Switch_1) in the main pro- 
gram is closed, the PLC processor starts executing the program for 
subroutine one (file U:3). This is displayed in Figure 13-2. Then the 
instructions on all of the ladder logic rungs in file U:3 are carried out. 
In subroutine one, when normally open Pushbutton_1 (1:0/2) is closed, 


SBR 
000C Subroutine 
0001 
0002 
0003 


Figure 13-5. PLC ladder logic diagram for subroutine one. 
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Light_#1 (O:0/0) turns on. The return (RET) instruction causes the 
instruction pointer to go back and point to the next rung in the main 
PLC program file (U:2 or LAD 2). 

When normally open switch two (Switch_2) in the main program 
is closed, the PLC processor starts executing the program for subrou- 
tine two (file U:4). Figure 13-6 displays the ladder logic diagram for 
subroutine two. 

The first rung of subroutine two must have the SBR instruc- 
tion to indicate that the program in this file represents a subroutine. 
An output instruction must be connected to the SBR instruction. In 
Figure 13-6, the internal bit one (B3:0/1) is used. 

When normally open switch two (Switch_2) in the main program 
is closed, the PLC processor starts executing the program for subrou- 
tine two (file U:4). This is displayed in Figure 13-6. Then the instruc- 
tions on all of the rungs in file U:4 are carried out. In subroutine two, 
when normally open Pushbutton_2 (I:0/3) is closed, Light_#2 (O:0/1) 
turns on. The RET instruction causes the instruction pointer to go 
back and point to the next rung in the main program file. 

Important points to remember are that a subroutine file must 
have the SBR instruction at the beginning of the program to indicate 
that this is a subroutine file. The subroutine file must also have a RET 
instruction at the end to cause the return of the PLC to the main pro- 
gram file. 


èi 13.5 Subroutine Applications 


In most industrial applications, lengthy ladder logic diagrams 
are required for the PLC control systems. Usually these large ladder 
diagrams are divided into several subroutines. Then, each subroutine 


BR 
0000 ii 
Subroutine 
0001 
1747-L20A 
0002 
0003 


Figure 13-6. PLC ladder logic diagram for subroutine two. 
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program is written and tested. A shorter main program is used to 
call these subroutines for different conditions. Example 13-1 illustrates 
how a main program is used to call three different subroutines. 


Example 13-1 


In this example, a counter is to be used to keep track of the num- 
ber of parts passed through a section of the conveyor in a manufactur- 
ing plant. If the number of parts is equal to ten, the green pilot light 
(Green_PLT) and motor one (Motor_1) will turn on. If the number of 
parts is less than ten, the yellow pilot light (Yellow_PLT) and motor 
two (Motor_2) will turn on. If the number of parts is greater than ten, 
the red pilot light (Red_PLT) and motor three (Motor_3) will turn on. 
Figure 13-7 displays the ladder logic diagram of the main program. 


Cigi 
Count up 
Counter €50 
Preset 100< 
Accum 0< 


T20 
0000 — 


1747-L20A 


EQU JSR 


tine 
0001 Equal Jump to subrou 
Source A  €5:0.ACC SBR file number U:3 
0< 
Source B 10 
LES JSR 
0002 | Less than (A<B) - Jump to subroutine 
Source A C5:0.ACC SBR file number U:4 
O< 
Source B 10 
WOK 
GRT : JSR 
0003 Greater than (A>B) Jump to subroutine 
Source A C5:0.ACC SBR file number U:5 
O< 
Source B 10 
LOs 
TRO CSO 
RES 
0004 e e e 
ail 
1747-L20A 
End 
0005 


Figure 13-7. PLC ladder logic diagram for Example 13-1. 
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Every time the normally open input zero (1:0/0) is closed, the 
accumulated register for counter zero (C5:0.ACC) in rung 0000 incre- 
ments. Three compare instructions in rungs 0001, 0002, and 0003 
compare the content of the accumulated register for counter zero 
(C5:0.ACC) to the number ten. 

When the content of the accumulated register for counter zero 
(C5:0.ACC) is equal to ten, the jump subroutine (JSR) instruction in 
rung 0001 is activated. This JSR instruction causes the PLC to carry 
out the instructions of the subroutine ladder logic diagram in file 
LAD 3 (U:3). Figure 13-8 displays the ladder logic diagram for subrou- 
tine one (file U:3). 

Notice that when the instructions in subroutine one are executed, 
the green pilot light (Green_PLT) and motor one (Motor_1) turn on. 
The return (RET) instruction in rung 0002 returns the PLC program 
execution to the main ladder logic diagram. 

When the content of the accumulated register for counter zero 
(C5:0.ACC) is less than ten, the jump subroutine (JSR) instruction in 
rung 0002 is activated. This instruction causes the PLC to carry out 
the instructions in the ladder logic diagram for subroutine two (U:4). 
Figure 13-9 displays the ladder logic diagram for the subroutine two 
(U:4). Notice that when the instructions in subroutine two are exe- 
cuted, the yellow pilot light (Yellow_PLT) and motor two (Motor_2) 
turn on. The return (RET) instruction in rung 0002 returns the PLC 
program execution to the main ladder logic diagram. 


0000 SPF 
Subroutine 
0001 
l 
1747-L20A 
0002 
0003 


Figure 13-8. PLC ladder logic diagram for subroutine one in Example 13-1. 


Chapter 13 PLC Subroutine Functions 259 


SBR 


0000 
Subroutine 
iL 
0:0 
0001 
2 
1747-L20A 
0:0 
3 


1747-L20A 


0002 =e e pian 
Return 
0003 ee ee 


Figure 13-9. PLC ladder logic diagram for subroutine two in Example 13-1. 


When the content of the accumulated register for counter zero 
(C5:0.ACC) is greater than ten, the jump to subroutine (JSR) instruc- 
tion in rung 0003 is activated. This JSR instruction causes the PLC to 
carry out the instructions in the ladder logic diagram for subroutine 
three (U:5). Figure 13-10 displays the ladder logic diagram for sub- 
routine three. Notice that when the instructions in subroutine three 
are executed, the red pilot light (Red_PLT) and motor three (Motor_3) 
turn on. The return (RET) instruction in rung 0002 returns the PLC 
program execution to the main ladder logic diagram. 

When the normally open switch in rung 0004 of the main ladder 
diagram is closed, the counter resets. This means that the content of 
the accumulated register for counter zero (C5:0.ACC) resets to zero. 


q 13.6 Interrupt Routines 

. You may interrupt the scan of the main PLC ladder logic diagram 
(LAD 2) in order to execute an interrupt routine ISR. The interrupt Interrupt routine (ISR): 
routines are similar to subroutines and must reside in LAD 3 through a paw a Mie 
LAD 255 files. The INT instruction instead of the SBR instruction atthe jg used to interrupt the 
beginning of a subroutine identifies that the routine is an interrupt scan of the main PLC 
subroutine instead of a regular subroutine. There are two main types ee logic ae 
of interrupts in Allen-Bradley SLC 502 to SLC 505 and MicroLogix pelt ‘a 

programmable logic controllers: selectable timed interrupt (STI) and 


I/O interrupt (ISR). 
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eae? Subroutine 5 
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0001 
4 
1747-L20A 
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RET 
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0003 End 


Figure 13-10. PLC ladder logic diagram for subroutine three in Example 13-1. 


Selectable timed The selectable timed interrupt (STD) instruction is used to periodi- 
interrupt (STI): cally interrupt the scan of a main program file in order to scan a speci- 
aa aceon 3 fied subroutine file. STI differs from ISR because it allows you to specify 
the scan of the main the time interval of when your STI routine will execute. This is accom- 
program file to scan a plished by placing a time interval value in status file register S:30. 


2 ae e. The I/O interrupt (ISR) allows an I/O module to interrupt the 


processor operation cycle in order to scan a specified interrupt sub- 
routine. You cannot use a standard discrete I/O module to accomplish 
an I/O interrupt. The I/O module must be designed to use the ISR 
feature. Consult the Rockwell Automation’s technical documentation 
for more information regarding the programming procedure and use 
of PLC interrupts. 


ĝi Summary 


Input devices are used to activate the jump to subroutine (JSR) 
instruction or the compare instruction to activate it. 


e Subroutines are additional ladder logic files, which are called 
from the main program file. 


| 


E 
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Lengthy and complicated PLC programs should be divided into 
several subroutine modules. 


One main PLC ladder logic diagram should be used to call all of 
the subroutine modules. 


The ladder logic diagram for subroutine modules should be 
tested. 


When a subroutine is called from the main program, the 
program counter for the PLC processor points to the instructions 
in the subroutine. 


Before jumping to a subroutine module, the PLC processor 
creates a temporary workspace in RAM. 


The stack holds the contents of the program counter, flag 
register, and general purpose registers. 


The jump to subroutine (JSR) instruction is used to call a 
subroutine from the main program file in order to jump toa 
designated subroutine. 


The return (RET) instruction causes the program counter to 
return to the main program. 


The interrupt subroutine (INT) instruction identifies that the 
routine is for an interrupt instead of a subroutine. 


The selectable timed interrupt (STI) and I/O interrupt (ISR) 
instructions are the two main types of interrupts in Allen-Bradley 
SLC 502 to SLC 505 and MicroLogix programmable logic 
controllers. 


Review Questions 


ip 


In Allen-Bradley SLC 500 series PLCs, which file contains the 
main PLC ladder logic diagram? 


. How many subroutine files can be created for an Allen-Bradley 


SLC 500 series PLC system? Name them. 


. What instruction in the main PLC ladder logic diagram is used 


to call a subroutine? Name it and draw it in block form. 


. Every subroutine file must have an instruction on its first rung. 


Name it and draw it in block form. 


_ Name the instructions associated with subroutine files. How do 


you use them? 
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Complete each of the following sentences with the correct word(s). 


6. 


10. 


Jue 


i23 


iS 


14. 


15 


16. 


The main PLC ladder logic diagram is always in file number 


PLC subroutine ladder logic diagrams may be placed in file 
number through file number 


. In a PLC, the holds the address of the next instruction 


that is going to be executed. 


. Every subroutine file must have a(n) instruction on the 


last rung. 


The holds the content of the program counter, flag 
register, and general purpose and pointer registers. 


You may use the instruction in the main ladder logic 
diagram to call a subroutine ladder logic diagram. 


Program file number must be used for PLC main ladder 
logic diagram. 

System program files and are not available to a 
PLC programmer. 


The instruction instead of the SBR instruction at the 
beginning of a subroutine, identifies that the routine is an 
interrupt subroutine instead of a regular subroutine. 


The instruction is used to periodically interrupt the scan 
of the main program file to scan a specified subroutine file. 
The instruction allows a I/O module to interrupt the 


processor operation in order to scan a specified subroutine file. 


Using the jump (JSR) subroutine instruction, draw the PLC ladder logic 
diagram for the following problems. 


17. Create a ladder logic diagram that has two subroutines. If you 


press the green pushbutton six times, the first subroutine is 
scanned. If you press the green pushbutton seven times, the 
second subroutine is scanned. Subroutine one will turn on the 
green light and the motor number one. Subroutine two turns on 
the red light and both motors. 
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18. Create a ladder logic diagram that has three subroutines. If 
you press the red pushbutton two times, the first subroutine is 
scanned. If you press the red pushbutton three times, the second 
subroutine is scanned. If you press the green pushbutton three 
times, the third subroutine is scanned. Subroutine one will turn 
on the green light for 5 seconds. Subroutine two turns on the 


green light for 10 seconds. Subroutine three turns on the green 
light for 15 seconds. 
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LH TRESI | 


Data Handling Instructions 


i Chapter Outline 


14.1 Introduction 

14.2 Move, Indexed Move, and Masked Move 

14.3 First-In-First-Out (FIFO) and Last-In-First-Out (LIFO) 
14.4 Copy File and Fill File Instructions 

14.5 Data Conversion 


4 Technical Terms 


index register first-in-first-out (FIFO) last-in-first-out (LIFO) 
mask 


i Learning Objectives 

ain After completing this chapter, you will be able to: 
e Use PLC instructions for moving data from one register to another. 
e Create stacks for storing and retrieving data from PLC memory. 
e Move data between tables. 
e Use PLC instructions for number system conversion. 


Data handling instructions are used for reading, storing, retriev- 
ing, and writing of data on ports and registers. In addition to moving 
or copying data to another register or file, data handling instructions 
are used for converting data to a different number system or perform- 
ing a logic operation on the data. The operand in these instructions 
can be a register or a file. Note that several pertinent words in con- 
secutive order in the PLC memory are called a file, a matrix, or a table. 
In this chapter, you will study the most commonly used Allen- 
Bradley SLC 500 series data handling and data conversion instruc- 
tions. You will learn how to implement the use of these instructions 
in process control applications. The following data handling instruc- 
tions are defined and you will learn to use them in PLC ladder logic 
diagrams. 
e Move (MOV). 


e Masked move (MVM). 
e FIFO load (FIFO). 


[HE TONE 
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e FIFO unload (FFU). 
e LIFO load (LIFO). 
e LIFO unload (LFU). 
e Copy file (COP). | 
e Fillfile (FLD). 
e Convert to BCD (TOD). 
e Convert from BCD (FRD). 
e Convert from radians to degrees (DEG). 
e Convert from degrees to radians (RAD). 
The move (MOV) instruction was explained in Chapter S. In that 


chapter, you used the MOV instruction to copy a number into a timer’s 
preset register. In this chapter, you will use an inde, register to move 


Index register: ~ a word into a specific address. An index register, sometimes simply 
E eremesanedete i called a pointer, is a register that holds an address of a data. Data itselt 
a register that holds the a : z x , ar 
cacao l . then is placed in another data register. For example, the address © 
address of a double: byte - n à £ i > 

data word) 1 a tie data may be in the S:24 index register while the actual data might be 


in the N7:9 register. 

You will also learn how to copy data into a string of registers and move 
data from one file to another. Sometimes, converting data from one num- 
ber system or unit to another is required in writing PLC programs. You 
will learn how to use the existing instructions in Allen-Bradley SLC 500 
series PLCs to carry out these types of conversions. 


$i 14.2 Move, Indexed Move, and Masked Move 


You have seen in previous chapters that the move (MOV) instruc- 
tion can transfer a number into a register or transter content of a reg- 
ister to another register. This is illustrated in Figure 14-1 where the 


Izl m N 
—— — - = Move — 
(a) | Source Sees 
1746-IA16 SOUS. 
Dest NTO 
OS 
Fel -E 
- - =] Move = 
T | Source N7:0 | 
1746-IA16 Qz 
Deet T4:0 SRE | 
asi | 


Figure 14-1. Move (MOV) instruction for moving number and register contents. 
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hex number 8005 is placed into the N7:0 register and then this value 
is copied into the T4:0.PRE. In this section, you will learn how to use 
an index register when copying a string of registers from one file to 
another. 


Example 14-1 


You will often use a PLC counter for advancing the index register 
(S:24) when copying data from one file to another. Figure 14-2 dis- 
plays a ladder logic diagram in which counter C5:0 is used to advance 
the index register $:24 to copy five data registers from file N7 to the 
file B3. Notice that #N7 and #B3 reference the integer and binary data 
files. 


Count Up 
Counter E520 
Preset 
Accum 


lesa 
0001 
1 
ESk O 
DN 
0002 


Figure 14-2. Ladder logic diagram for Example 14-1. 
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Example 14-2 


Mask: Sometimes, you want to hide or mask a portion of data prior to 
Saisie ad transferring it into a register. Figure 14-3 illustrates how to use the 
caennaumtaaed “aii masked move (MVM) instruction to read data from input module two 
register. (I:2) and mask the lower byte of the data prior to transferring it into 


address B3:0. Data from input module two (1:2) is ANDed with the 
mask number FFO0h in order to set the lower bytes to zero. Notice that 
the bits in the upper byte will have the same state as the bits in the I:2 


module’s upper byte. 
eal a I 
c S Masked Move 

3 Source 2A 
1746-IA16 0< 
Mask OFFOOh 

-256< 

Dest 12} 2 (0) 
0000000000000 000< 


Figure 14-3. Ladder logic diagram for Example 14-2. 


Ri 14.3 First-In-First-Out (FIFO) and 
‘ Last-In-First-Out (LIFO) 


The concept of storing and retrieving pallets is similar to the way 
data is placed in and retrieved from a stack. A stack in PLC or com- 
puter terms is a group of consecutive data registers, or words, placed 

temporarily in a memory location, or buffer. Data is held there until it 
A method of moving ; : 
da anon attack is moved to another location. 
in which the first item Data registers, just like pallets, can be stored and retrieved in 
placed in the stack isthe two different ways: first-in-first-out (FIFO) and last-in-first-out 
firetitem agisieued tam (LIFO). Figure 14-4 illustrates how the FIFO and LIFO operations 


First-in-first-out (FIFO): 


e AON work if stacking pallets. Figure 14-5 illustrates how the FIFO and 
A method of moving LIFO operations work when stacking data. Notice that the stack grows 
data to and from a stack larger as data registers are placed in the stack, and the stack grows 
D eA the Smaller as the data registers are retrieved from the stack. Also, notice 
fuetaiiee WT ctalowmer oan that in a FIFO operation, the first item in the stack is the first item out 


the stack. of the stack. For a LIFO operation, the last item in the stack is the first 
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Entry gate Storage area Exit gate 
——> -> 
FIFO stack 
In Exit gate 
Entry gate aui La 
—— > 
LIFO stack 


Storage area 


Figure 14-4. First-in-first-out (FIFO) and last-in-first-out (LIFO) as applied 
to stacking and unstacking pallets. 


Series of 
registers 


Series of 
registers 


E a FFO and last intirst out (LIFO) stacks. 
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item out of the stack. Placing an item in a stack is referred to as a push 
operation and retrieving an item from the stack is referred to as a pop 
operation. The Allen-Bradley SLC 500 PLCs have four instructions for 
the LIFO and FIFO operations: 

e FIFO load (FFL). : 


e FIFO unload (FFU). 
e LIFO load (LFL). 
e LIFO unload (LFU). 


Notice that two of these instructions are used for loading data 
into a stack and two are used for unloading data from a stack. Exam- 
ple 14-3 and Example 14-4 show how these instructions are used. 

In PLC systems, stacks are created when stacks of integer words 
(i.e., double-byte data) are stored in the memory buffer. Then, the data 
can be transferred into a register or another memory location from the 
stack. 


Example 14-3 


In the example illustrated in Figure 14-6, the load instruction for 
the FIFO stacking system, FFL, is used to transfer three data words 
or registers from the accumulated register of counter zero (C5:0.ACC) 
onto the stack. Stack data are stored in memory locations B3:0, B3:1, 
and B3:2 that are in bit data file three (#B3). When normally open 
input I:1/3 is closed, one word (i.e, double-byte data) is transferred 
from register (C5:0.ACC) to data bit file B3 starting at the zero loca- 
tion (B3:3/0). Input I:1/3 needs to be opened and closed again in order 
to transfer another word from (C5:0.ACC) onto data bit file B3. The 
number of data placed onto the stack (i.e., data bit file B3) is specified 
by the length in the FFL dialog box. Therefore, the stack will have 
three words: B3:0/0, B3:0/1, and B3:0/2. Figure 14-6 also shows how 
the unload instruction for the FIFO stacking system, FFU, is used to 
transfer data from the stack into the output module two (O:2). Every 
time the normally open I:1/4 input is closed, one word is transferred 
from the stack (i.e., data bit file B3) on the output module two (O:2). 
Notice that both FFL and FFU for this stack operation use the same 
control register (R6:0) and have the same length (3). 


ee ee le ea ee 
Example 14-4 


In Example 14-4 illustrated by Figure 14-7, the load instruction for 
the LIFO stacking system, LFL, is used to transfer three data words (i.e. 
double-byte data) from input module three (1:3) onto the stack. Stack 
data are stored in memory locations B3:10, B3:11, and B3:12, which are 
in the bit file three (#B3). When normally open input (1:1/5) is closed, 
one word (ie, double-byte data) is transferred from input module 
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Count Up 
Counter C550 


Preset 10000 DN 
0 | Cow) — 


Accum 


FFL 


0001 FIFO Load 
3 Source C5:0.ACC 
FIFO #B3:0 
Control R6:0 
Length 3 
Position 0 
FFU 
0002 FIFO Unload 
FIFO 
Dest 
Control R6:0 
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= C550) 
0003 fee 
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Figure 14-6. Ladder logic diagram for Example 14-3. 


three (I:3) to data bit file B3 starting at the 10th location (B3:3/10). 
Input (I:1/5) needs to be opened and closed again in order to trans- 
fer another word from (I:3) onto data bit file B3. The number of data 
placed onto the stack (i.e., data bit file B3) is specified by the length in 
the LFL dialog box. Therefore, the stack will have three words: B3:0/10, 
B3:0/11, and B3:0/12. Figure 14-7 also shows how the unload instruc- 
tion for the LIFO stacking system, LFU, is used to transfer data from 
the stack into the output module four (O:4). Every time the normally 
open (J:1/6) input is closed, one word is transferred from the stack (i.e., 
data bit file B3) on the output module four (O:4). Notice that both LFL 
and LFU for this stack operation use the same control register (R6:1) 


and have the same length (3). 
ee 
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Figure 14-7. Ladder logic diagram for Example 14-4. 


fa 


i 14.4 Copy File and Fill File Instructions 


Data handling instructions, copy file (COP) and fill file (FLL), are 
used to store blocks of data in a PLC file. You can use these instruc- 
tions to manually enter a file with constant numbers or data from 
another file. Note that the length entry in the COP instruction’s dialog 
box determines the number of words that are copied from the source 
file to the destination file. For example, if the destination file is data 
bit file B3, the source file is integer file N7 and the length is three, then 
three integer words are transferred for each element in the data bit 
file B3. Therefore, after the COP instruction is activated, we will have 
B3:0 = N7:0, B3:1 = N7:1, and B3:2 = N7:2. After a copy or fill file 
instruction is executed, the index register (S:24) is cleared to zero. The 
5:24 register contains the offset address used with indexed addresses 
(See Figure 14-3). 

Figure 14-8 shows how we can fill a file with the same number or 
content of a register. In addition, Figure 14-8 shows how we can copy 
contents of a file into another file. Example 14-5 demonstrates how to 
use the fill file (FLL) and copy file (COP) instructions. 
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PLC file 
Number 
or content ae : 
Bla Filling a file 
register 
PLC file PLC file 
Copying files 


Figure 14-8. Filling a file with all the same data and copying one file 
to another file. 


Example 14-5 


In rung 0000 of Figure 14-9, the fill file (FLL) instruction is used 
to place the value 5000 in locations N7:0 through N7:9. Notice that 
normally open pushbutton I:1/0 is closed to enable the FLL instruc- 
tion. Therefore, pushbutton I:1/0 must be pressed 10 times to copy the 
number 5000 to N7:0, N7:1, ..., N7:9. Five words (double-byte data) 
from input module two (1:2) will be transferred onto locations B3:0 
through B3:4. Timer T4:0 is used to transfer the data from input 1:2 to 
data bit file B3 every 60 seconds. In rung 0003, words N7:0 through 
N7:19 are copied to locations B10:0 through B10:19. Notice that the 
length in the COP instruction determines the number of data copied 


from the source file onto the destination file. 
———— 


q 14.5 Data Conversion 
3 


Data conversion instructions are used to convert the content of a 
PLC register from one number system to another number system or 
from one unit system to another unit system. Four popular data con- 
version instructions are TOD, FRD, DEG, and RAD. 

The TOD instruction converts the binary number in the source 
register to binary coded decimal (BCD) and places the result in the 
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Figure 14-9. Ladder logic diagram for Example 14-5. 


destination register. The FRD instruction converts the BCD number 
in the source register to binary and places the result in the destina- 
tion register. The DEG instruction converts the value of an angle from 
radians to degrees, and the RAD instruction converts the value of an 
angle from degrees to radians. Example 14-6 demonstrates how to use 
the TOD and FRD instructions. 


Example 14-6 


Figure 14-10 illustrates how to use the convert to BCD (TOD) and 
convert from BCD (FRD) instructions. In rung 000, decimal number 14 
(0000 0000 0000 1110 binary) is stored in B3:0. It is then placed on the 
four-digit, seven-segment output module O:6 and converted to IM4gcp 
(0000 0000 0001 0100 ¢p). In rung 001, decimal number 18 is read from 
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Figure 14-10. Ladder logic diagram for Example 14-6. 


the thumbwheel on input module I:5 and is placed in I:5 as BCD value 
0000 0000 0001 10005cp. It is then converted to binary (0000 0000 0001 
0010) and placed on the discrete output module (O:4). 


gi Summary 

= e An index register (also called a pointer) holds the address of a 

double-byte data (word) in a file. 

The masked move (MVM) instruction reads data from a module 

and then masks the data prior to transferring it to an address. 

e The process of placing data onto the stack is referred to as push. 

e The process of transferring data out of the stack is called pop or 
pull. 

e Data can be stored and retrieved in two ways: first-in-first-out 
(FIFO) and last-in-first-out (LIFO). 

e The FIFO load (FFL) instruction transfers data words or registers 
onto the stack. 

e The FIFO unload (FFU) instruction transfers data from the stack 
in the order data was placed in the stack. 

e The LIFO load (LFL) instruction transfers data words or registers 
onto the stack. 
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The LIFO unload (LFU) transfers data words or registers from 
the stack in the opposite order in which they were placed on the 
stack. 

The copy file (COP) and fill file (FLL) instructions are used to 
store blocks of data in a PLC file. 

Four popular data conversion instructions are TOD, FRD, DEG, 
and RAD. 

The convert to BCD (TOD) instruction converts an integer 

to binary coded decimal (BCD) and places the result in the 
destination register. 

The convert from BCD (FRD) instruction converts the binary 
coded decimal (BCD) number in the source register to binary 
and places the result in the destination register. 

The convert from radians to degrees (DEG) instruction converts 
the value of an angle from radians to degrees. 

The convert from degrees to radians (RAD) instruction converts 
the value of an angle from degrees to radians. 


H Review Questions 


1. Describe the function of masking a word in the following MVM 


instruction. 


2. Explain the difference between MOV and MVM instructions. 
3. Explain the difference between LIFO and FIFO instructions. 
4. Describe the DEG and RAD instructions. 

5. Describe the COP and FLL instructions. 
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6. A thumbwheel input module 5 displayed in the following 
picture has a four-digit count on it. Convert the thumbwheel 
value to decimal, then mask the upper bytes and place the result 
in the counter one preset register (C5:1.PRE). 
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7. Create a PLC ladder logic diagram to demonstrate the use of 
index-addressing mode to transfer 10 words of data from the 
integer file to the bit file. 

8. The following picture illustrates that output module six (O:6) 
consists of four seven-segment displays that show decimal data. 
Create a PLC ladder logic diagram that will read data from 
discrete input module one (I:1) and place the result on output 
module six (O:6). 


/O Simulator H ACH Senulator il 
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9. Create a PLC ladder logic diagram using LIFO instruction(s) 
to create a stack with a length of 9. The accumulated value of 
counter number one is used for data when writing to the stack. 
The output module 4 is used for destination when the stack is 
read. 


10. Create a PLC ladder logic diagram using FIFO instruction(s) 
to create a queue with a length of 7. The accumulated value of 
counter number two is used for input data when writing to the 
queue. Then, the data is retrieved and placed on output module 2. 
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Sequencer Instructions 


i Chapter Outline 


2 15.1 Introduction 
15.2 Sequencer Concept 
15.3 Sequencer Output Instruction 
15.4 Sequencer Compare Instruction 
15.5 Sequencer Load Instruction 
15.6 Cascading Sequencers 
15.7 Parallel Sequencers 


Si Technical Terms 


sequencer instructions sequencer position found bit (FD) 

table-to-register parameter sequencer load (SQL) 

sequencer output (SQO) sequencer compare (SQC) instruction 
instruction instruction parallel 


sequencer length parameter 


Ši Learning Objectives 
“a After completing this chapter, you will be able to: 
e Describe the operation of the sequencer output (SQO) 
instruction. 
e Describe the operation of the sequencer compare (SQC) 
instruction. 
e Describe the operation of the sequencer load (SQL) instruction. 
e Connect sequencer instructions to increase the number of 
sequencer steps. 
e Connect sequencer instructions to increase the number of 
sequencer outputs. 


ği 15.1 Introduction 
È; 


In this chapter, you will study the use of sequencer instructions Sequencer 
in programmable logic controller systems. The sequencer instruction instructions: 

i “4: : : instructions that are 
provides a powerful capability for the PLC. Sequencer instructions UEEOOCONWGAINESSSS 
are used to control several outputs with multiple step patterns. This outputs with multiple 


means that in every sequenced step, the state of the output devices step patterns. 
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that are connected to output ports can be changed. Outputs can 
change from an on to an off state, from an off to an on state, or remain 
at the same state. Also, the time between each step sequence can be 
controlled. 

Most programmable logic controllers have an instruction called a 
sequencer. Some PLC manufacturers refer to the sequencer instruction 
as the drum controller instruction. Also, certain PLC manufacturers 


Table-to-register use the table-to-register, or file-to-word, instructions instead of the 
ist DANE sequencer instruction. In the table-to-register or file-to-word instruc- 
ee ae tion, one of the data words stored in a file (table) is transferred to a 
register or output port. register every time the instruction is enabled. However, those instruc- 


tions are not as versatile and complete as the sequencer instruction. 
You will study the use of sequencer instructions for the Allen- 

Bradley SLC 500 series PLCs. An Allen-Bradley SLC 500 series PLC 

can have three types of sequencer instructions: 

e Sequencer output (SQO). 

e Sequencer compare (SQC). 

e Sequencer load (SQL). 


In the following sections, you will learn how to use these instruc- 
tions in a PLC ladder logic diagram. 


ai 15.2 Sequencer Concept 


Figure 15-1 displays an example of output patterns that need to 
be repeated in a manufacturing process. Two motors (M1 and M2) 
and three pilot lights (Green_PLT, Red_PLT, and White_PLT) are the 
output devices. Every time a normally open input is closed, the pat- 
tern on one of the steps is placed on the PLC output port. In step one, 
both motors are on. In step two, the green pilot light (Green_PLT) 
and red pilot light (Red_PLT) are on. In step three, the red pilot light 
(Red_PLT) and white pilot light (White_PLT) are on. In this example, 
these three steps should be repeated continuously. Figure 15-2 displays 
a PLC ladder logic diagram that accomplishes the tasks displayed in 
Figure 15-1. 


Figure 15-1. Output pattern sequence. 


Chapter 15 Sequencer Instructions 281 


IER) CTU 
wej Count up 
0 Counter C5:0 
Preset 4< 


Accum le 


EQU 


0001 Equal 
Source A C5:0.ACC 
ike 
Source B it 


ike 


EQU 


Source A C5:0.ACC 
ike 

Source B al 

dike 


EQU 


0003-4 Equal 
Source A C5:0.ACC 
Tg 
Source B 2 
2< 


EQU 


0004 Equal 
Source A C5:0.ACC 
iks 
Source B 2 
2< 
EQU 
Equal 
Source A C5:0.ACC 
ike 
Source B 3 
ake 
EQU 
0005 Equal 
Source A C5:0.ACC 
J< 
Source B 3 
Ba 
0006 
0007 


Figure 15-2. PLC ladder logic diagram for step patterns of Figure 15-1. 
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Every time the normally open input zero (1:0/0) is closed, the 
counter advances. Several equal to (EQU) compare instructions are 
used to test the content of the accumulated register for counter zero 
(C5:0.ACC). When the content of the accumulated register for counter 
zero is equal to one (C5:0.ACC = 1), motor one (M1) and motor two 
(M2) in rungs 0001 and 0002 turn on. When the content of the accu- 
mulated register for counter zero is equal to two, the green pilot light 
(Green_PLT) and red pilot light (Red_PLT) in rung 0003 and rung 
0004 turn on. When the content of C5:0.ACC is equal to three, the 
red pilot light (Red_PLT) and white pilot light (White_PLT) in rung 
0004 and rung 0005 turn on. The normally open counter done contact 
(C5:0/DN) in rung 0006 is closed to reset the counter when the con- 
tent of C5:0.ACC is equal to six. There are seven rungs in the ladder 
logic diagram displayed in Figure 15-2. 

The same task can be accomplished with a simple ladder logic dia- 
gram if a sequencer instruction is used. Figure 15-3 displays the block 
diagram of a generic PLC sequencer instruction. 

Notice that there are three inputs. The following are the inputs: 

e Enable: The normally open enable input must be closed to 
energize the sequencer instruction. 

e Step: A low-to-high pulse on the step input causes the sequencer 
to advance to the next output pattern. 

e Reset: When the normally open reset input is closed, the 
sequencer instruction resets to the first output pattern. 

The sequencer block instruction holds four blocks of information. 
They are the following: 

e Number of steps: Indicates the number of data patterns the 
sequencer instruction must step through. 
e Starting register: Register that holds the first data pattern. 


Enable input 


Step input 


Reset input 


Figure 15-3. Block diagram of a generic sequencer instruction. 
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e Step pointer register: Register that points to the step that the 
instruction is on. 


e Destination register: An output group register that indicates the 
output terminals on which data is placed. 


Note that some PLC manufacturers combine the tasks accomplished 
by the three inputs displayed in Figure 15-3. Also, the names of the reg- 
isters displayed in Figure 15-3 and their tasks may not be the same for 
all types of PLC systems. In the next section, you will learn how to use 
an output sequencer for the Allen-Bradley SLC 500 series PLC. 


q 15.3 Sequencer Output Instruction 


The sequencer output (SQO) instruction transfers data fromthe Sequencer output __ 
sequencer source file to the output destination module. Allen-Bradley al a 
SLC 500 series PLCs use one input to send both the enable and the step data from the sequencer 
input signals to the sequencer output instruction. Also, they use the source file to the output 
done bit of the index register, or control register, to reset the instruc- destination module. 
tion. Figure 15-4 displays the ladder logic diagram of an Allen-Bradley 
Fixed SLC 500 PLC used to control the output patterns displayed in 
Figure 15-1. Notice that control register zero (R6:0) is used. 

An input device or a contact is used to send pulse signals (low- 
to-high) to the sequencer output instruction. In Figure 15-4, whenever 
the normally open input zero (I:0/0) is closed the sequencer is both 
enabled and advanced to the next position. 

The sequencer data file can be bit data file three (B3), bit data file 
ten (B10), or integer data file seven (N7). The sequencer data file con- 
tains the on/off bit patterns or an integer number. In Figure 15-4, B3 
is the sequencer output file. Figure 15-5 displays that the pattern for 
Figure 15-1 is in the bit data file three (B3). Notice that bits zero and 
one in B3 are used to control the motors and bits two, three, and four 
in B3 are used to control the pilot lights. 


SQO 
0000 Sequencer output EN )—— 
File #B3:0 
Mask OFFFFh DN }— 
Dest Ose 
Control R6:0 
Length 4< 
Position i< 


‘ R6:0 
0001 -——__ err, 


0002 


Figure 15-4. PLC ladder logic diagram with sequencer instruction for the step patterns of Figure 15-1. 
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Figure 15-5. Output pattern for the sequencer of Figure 15-4. 


These 16-bit words in B3 are ANDed by a hex number entered 
for the mask parameter. When a binary bit is ANDed with a high bit 
(1), its status remains the same. However, when a binary bit data is 
ANDed with a low bit (0), the result is always logic low. This means 
that the binary bit is forced to be turned off (or hidden). Therefore, if 
an instruction is ANDed with zero, it has effectively hidden or masked 
its status. In Figure 15-4, the instruction has selected not to mask any 
of the bits in the 16-bit words stored in bit data file three (B3). 

The sequencer output instruction is an output module. In 
Figure 15-4, sequencer bit patterns are placed on the output module 
zero (O:0). Each time the sequencer output instruction is enabled, 
one 16-bit word in the specified data file is copied onto the destina- 
tion register. For this example, in Figure 15-4, the problem requires 
copying these 16-bit step patterns on the output register module 
zero. Therefore, the destination (DEST) must be output module 
zero (O:0). This means that the bit patterns in B3 are placed on the 
destination register output module zero (or slot zero). The fixed 
SLC 500 PLC has eight output ports on module zero (O:0/0, O:0/1, 
0:0/2, O:0/3, O:0/4, O:0/5, O:0/6, and O:0/7). For every sequencer 
step, the low bytes (8-bit) of one 16-bit word pattern (B3/0, B3/1, 
B3/2, B3/3, B3/4, B3/5, B3/6, and B3/7) are copied on the output 
register. 

Control register (R6) in a sequencer instruction holds the length 
of steps, step position, and status bits such as enable and done status 
bits, Figure 15-6. 

The .LEN and .POS hold numbers that indicate the length and 
position of steps respectively. They can hold numbers up to 256 since 
an SQO can have up to 256 steps. 
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The /EN and /DN are enable and done bits. The enable bit (EN) 
coil energizes when the sequencer output (SQO) instruction is enabled. 
The done bit (DN) coil energizes when the sequencer output (SQO) 
instruction has stepped through the entire 16-bit word group pattern 
in the specified data file. In Figure 15-4, the control register zero (R6:0) 
is used as the sequencer control register. Remember, there are 256 con- 
trol registers (R6:0 through R6:255) available in Allen-Bradley SLC 500 
series PLC systems. 

The sequencer length parameter in the sequencer block holds the 
total number of steps that must be completed before the sequencer 
done status bit (R6:0/DN) coil is energized. The number of steps is set 
for four in the sequencer output instruction displayed in Figure 15-4. 
The sequencer position parameter indicates the step that is desired 
to start the sequencer instruction. The sequencer start position in 
Figure 15-4 is set for step one. 

The enable bit (R6:0/EN) coil energizes when the sequencer is 
enabled. The done bit (R6:0/DN) coil energizes when the sequencer 
has completed stepping through the number of steps specified for 
the sequencer output instruction. Contacts associated with these bit 
addresses can be used to turn on or off PLC instructions and PLC 
output devices. 

The reset (RES) instruction must be used to reset the sequencer 
output instruction. The PLC ladder logic diagram in Figure 15-4 
illustrates how to use the reset instruction in rung 0001 to reset the 
sequencer output instruction. 


| =: Data File RE 
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Figure 15-6. Control registers. A—RSLogix 500. 
B—LogixPro Simulator. 
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When the system is started, the sequencer position is at step zero. 
Closing normally open input zero (J:0/0) advances the sequencer out- 
put to step one. In step one, the 16-bit word B3:1 is copied onto out- 
put register module zero (O:0). Therefore, output ports zero and one 
(O:0/0 and O:0/1) turn on. See Figure 15-5. Note that these output 
ports are connected to motors one and two. 

Opening and then closing 1:0/0 again advances the sequencer 
position to step two. Now, output ports two and three (O:0/2 and 
O:0/3) turn on. These output ports are connected to green and red 
pilot lights. 

Opening and then closing I:0/0 again advances the sequencer 
position to step three. Output ports three and four (O:0/3 and O:0/4) 
now turn on. These output ports are connected to red and white pilot 
lights. Notice that every time the sequencer is advanced to a new posi- 
tion, the outputs have new patterns. These patterns are displayed in 
Figure 15-5: 

When the sequencer position is at step four, the sequencer done 
bit (R6:0/DN) coil energizes. Then, the normally open sequencer done 
contact closes and the reset instruction energizes. The sequencer out- 
put instruction position resets to zero. 

Opening and closing I:0/0 again causes the sequencer position to 
advance to step one, and the process then starts over. In this example, 
the sequencer position was advanced by manually opening and clos- 
ing an input. In Example 15-1, the ladder logic diagram in Figure 15-4 
will be modified so that the sequencer steps automatically. 


Example 15-1 


In this example, the ladder logic diagram displayed in Figure 15-4 
has been modified so that when the normally open input zero (I:0/0) is 
closed, the sequencer automatically steps through once every second. 
Figure 15-7 displays the PLC ladder logic diagram for Example 15-1. 

When normally I:0/0 is closed, timer ON-delay instruction zero 
(14:0) starts operating. Notice that the timer zero preset register 
(T4:0.PRE) holds the number 100. The time base for T4:0 is set for 0.01 
seconds. Therefore the preset time value for timer zero is one second 
(100 x 0.01 = 1). 

One second after starting the timer, the timer done status bit 
(T4:0/DN) energizes. Then, the normally open timer done contact 
(14:0/DN) in rung 0001 closes and the sequencer output instructions 
position advances to step one. 

The entries in bit data file three (B3) were not altered for this exam- 
ple (see Figure 15-5). Therefore, sequencer step patterns are similar to 
those displayed in Figure 15-4. This means that during sequencer step 
one, output ports zero and one (O:0/0 and O:0/1) turn on. Output 
ports zero and one are connected to motor one and two respectively. 
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Figure 15-7. PLC ladder logic diagram for Example 15-1. 


Also, notice that the normally closed timer done (T4:0/DN) con- 
tact in rung 0000 opens and resets the timer ON-delay instruction. 
When the timer ON-delay instruction resets, its timer done status bit 
coil de-energizes. Then, the normally closed timer done (T4:0/DN) 
contact returns to its normal position (closed), and the timer is ener- 
gized to start timing again. 

One second later, the timer is done again and the sequencer posi- 
tion advances to step two. Now outputs zero and one (motors one 
and two) turn off and outputs two and three (the green and red pilot 
lights) turn on. See Figure 15-8. 

This process continues until the sequencer position is in step four. 
Now, the done bit coil for the sequencer control register (R6:0/DN) is 
energized. The normally open done contact (R6:0/DN) in rung 0002 
closes and the reset (RES) instruction resets the sequencer to step 
one. As long as normally open input zero (1:0/0) is closed, the timer 
and sequencer instructions continue operating. Input zero (1:0/0) is 
opened to stop the process. 


In this example, time intervals between sequencer steps were 
always a constant set value of one second. In Example 15-2, you will 
learn how to create a ladder logic diagram that has variable time inter- 
vals for each sequencer step. 
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Figure 15-8. Step two output for the PLC ladder logic diagram in Example 15-1. 


Example 15-2 


In this example, Example 15-1 is modified to have a new ladder logic 
diagram. This ladder logic diagram steps through a sequence of events 
that has variable time intervals between their steps. Figure 15-9 dis- 
plays the PLC ladder logic diagram for Example 15-2. Note that another 
sequencer is added to the PLC ladder logic diagram in Figure 15-8. 
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The new sequencer file is integer data file seven (N7). The new 
sequencer destination register is the timer preset register for timer zero 
(14:0.PRE). Control register one (R6:1) is assigned for this new sequencer 
control register. Figure 15-10 displays the content of file N7. 
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Figure 15-9. PLC ladder logic diagram for Example 15-2. 
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Figure 15-10. Integer data file seven (N7) for Example 15-2. 
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Normally open input zero (I:0/0) is closed to start the timer. After 
one second, the normally open contacts for the timer done bit (T4:0/DN) 
in rung 0001 and rung 0002 close. Both sequencer positions advance to 
step one. Notice that the normally closed contact for the timer done bit 
(T4:0/DN) in rung 0000 is used to reset timer zero (T4:0). 

The sequencer in rung 0001 transfers the content of the N7:1 regis- 
ter to the timer preset register (T4:0.PRE). Now, the timer starts with a 
preset number of 250 in its preset register (T4:0.PRE = 250). The timer 
base is 0.01 seconds. This means that the timer preset value is two and 
one half seconds (250 x 0.01 = 2.5). Therefore, the timer operates for 2.5 
seconds before its timer done bit energizes. 

The sequencer in rung 0002 places bit patterns from file B3 (See 
Figure 15-5) on output module zero (O:0). Then, output ports zero 
and one are energized turning on motors one and two. Two and one 
half seconds later, the timer done bit (T4:0/DN) energizes. The nor- 
mally closed timer done contact (T4:0/DN) in rung 0000 opens. The 
normally open timer done contacts (T4:0/DN) in rungs 0001 and 0002 
close. Therefore, the timer resets and the sequencers advance to step 
two. In step two, output ports zero and one (motors one and two) turn 
off and output ports two and three (the green and red pilot lights) 
turn on (Figure 15-5). Also in step two, the content of the timer preset 
register is changed to 350 (Figure 15-10). Therefore, sequencers stay in 
step two for 3.5 seconds. 

After 3.5 seconds, the timer resets and sequencer positions are 
advanced to step three. Sequencers stay in step three for 4.5 seconds. 
(See Figure 15-10.) 

In step four, the reset instructions in rung 0003 energize and both 
sequencer positions reset to step one. Input zero (I:0/0) can be opened 
at any time to stop the process. 


aaa a I 


Sequencer compare 
(SQC) instruction: 
instruction that reads the 
input source module and 
compares it to the words 
in the sequencer file. 


Found bit (FD): 

Bit for a sequencer 
compare instruction that 
is enabled when the data 
on the input port matches 
the data stored in the 
sequencer data file. 


In this section, you learned how to use sequencer output instruc- 
tions in ladder logic diagrams. The next section illustrates how to use 
the sequencer compare (SQC) instruction in a ladder logic diagram. 


415.4 Sequencer Compare Instruction 


The sequencer compare (SQC) instruction reads input data from 
an input module or register and then compares the input data to the 
step patterns in a bit data file (B3 or B10) or integer data file (N7). If 
the input data matches one of the patterns in the data file, the found 
bit (FD) in the control data file (R6) is enabled. 

Example 15-3 illustrates how to use the sequencer compare 
instruction in a PLC ladder logic diagram. 
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Example 15-3 


Examine Figure 15-11. When the normally open input zero (1:0/0) 
is closed, the input status of ports from input module zero (I:O) of 
this Allen-Bradley SLC 500 series PLC is read every two seconds. The 
input port status is compared to two-bit pattern groups stored in bit 
data file three (B3). If the input port status matches one of the bit pat- 
terns stored in file B3, an indicator light turns on. Otherwise, the pro- 
cess of reading and comparing continues until the switch is opened. 

The content of the preset register for the timer in rung 0000 is 200. 
Therefore, the preset timer value is two seconds (200 x 0.01 = 2). The 
timer done bit (T4:0/DN) energizes every two seconds. This causes 
the timer to reset and the sequencer instruction to advance its position 
every two seconds. 

The input bit patterns that the sequencer compare instruction is 
searching for are stored in B3. Figure 15-12 displays that these two 
patterns are in the 16-bit words one (B3:2) and two (B3:3). 


0 T4:0 TON 
0000 Timer ON-delay EN 
Timer T4:0 
Time base 0.01 DN )— 
Ee Preset 200< 
Accum 0< 
210) SQC 
0001 Sequencer compare EN 
File #B3 :0 
DN Mask OFFFFh DN )}— 
Source TORO 
Control R6:0 FD )— 
Length Bi 
Position 
R6:0 z 
TE e aa en al 
FD 0 
1747-L20A 
R6:0 R6:0 
; RES 
0003 e a > 
ON 


0004 ———( End aa 


Figure 15-11. PLC ladder logic diagram for Example 15-3. 
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2 Data Fite BI fbin) 


Figure 15-12. The data file for the sequencer in Example 15-3. 


The 16-bit word zero (B3:0) is the start pattern. It will not be com- 
pared. Also, when the sequencer reaches position three, the reset (RES) 
instruction is energized. The sequencer then resets to position one. 
Therefore, the sequencer does not have an opportunity to compare the 
bit pattern in the 16-bit word three (B3:3). 

The source is input module zero (1:0). Note that the Allen-Bradley 
Fixed SLC 500 PLC used in this example has 12 input ports on its only 
input module (module zero). This means that input module zero (I:0) 
has twelve input ports available to the SLC 500 PLC. 

Control register zero (R6:0) is used as the control register for this 
sequencer compare (SQC) instruction. In addition to the sequencer 
done bit (R6:0/DN), the found bit (R6:0/FD) can be used to control 
contacts in the PLC ladder logic diagram. In this example, the nor- 
mally open contact associated with the found bit in rung 0002 is used 
to control the green pilot light (Green_PLT). 

The normally open input in (1:0/0) rung 0000 is closed to start the 
process. Figure 15-11 illustrates that the sequencer is searching to see 
if 1:0/0, 1:0/1, and I:0/2 are on or if I:0/0, 1:0/1, and 1:0/3 are on. When 
either of those two input groups are on, the found bit energizes. Then, 
the normally open found bit contact (R6:0/FD) in rung 0002 closes. 
This turns on the green pilot light (Green_PLT). Opening 1:0/0 stops 
the timer instruction and hence the sequencer compare instruction. 


In Sections 15.3 and 15.4, you learned how to use the sequencer out- 
put (SQO) and the sequencer compare (SQC) instructions. These two 
instructions are available in both the Allen-Bradley Fixed SLC 500 and 
Allen-Bradley Modular SLC 500 series PLCs. In the next section, you 
will learn how to use the sequencer load (SQL) instruction in PLC lad- 
der logic diagrams. This instruction is not available for Allen-Bradley 
Fixed SLC 500 PLCs. The sequencer load (SQL) instruction is available 
for Allen-Bradley SLC 5/02, 5/03, 5/04, 5/05, and MicroLogix PLCs. 
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fi 15.5 Sequencer Load Instruction 


The sequencer load (SQL) instruction is used to read the PLC 
input module and store the input data in a file. Example 15-4 illustrates 
how to use the sequencer load instruction to read data from an input 
port during a designated time period. 


Sequencer load (SQL) 
instruction: 

Instruction that transfers 
data from the input 
source module to the 
sequencer file. 


Example 15-4: 


In this example, the data on input module one (1:1) of an Allen- 
Bradley SLC 5/03 PLC needs to be recorded. Figure 15-13 displays the 
PLC ladder logic diagram for Example 15-4. 

The content of the timer preset register (T4:0.PRE) is 6000. This 
means that the timer preset value is set for sixty seconds (6000 x 0.01 = 
60). Similar to the previous example, closing normally open input zero 
(I:1/0) starts the timer. Now, the sequencer in Figure 15-13 is enabled 
whenever the timer done bit (T4:0/DN) is energized. Therefore, the 
sequencer load (SQL) instruction records the input data every minute. 
Every time SQL is energized, one word from the input module 1 (1:1) 
is read and recorded in data bit file (#B3). The length input in the SQL 
dialog box determines the number of data read from input module 
and copied in the data bit file. 


TON 


0000 Timer ON-delay EN 
Timer T4:0 
: Time base 0.01 DN }— 
gore Preset 6000< 
Accum 0< 
SQL 
0001 Sequencer load EN 
File #B3:0 
Source AIL DN )}— 
Control R6:0 
Length 60< 
Position 1< 
0002 
End 
0003 


Figure 15-13. PLC ladder logic diagram for Example 15-4. 
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When 60 words (double-bytes) of data have been recorded, the 
sequencer done bit (R6:0/DN) energizes. Consequently, normally 
closed contact (R6:0/DN) in rung 0000 opens and stops the data 
recording process. 

In this example, data on input module one (I:1) is recorded every 
minute for a total period of one hour. This data is stored in file B3. 
Input zero (I:1/0) can be opened at any time to stop the data recording 
process. 


gi 15.6 Cascading Sequencers 


In the examples of Sections 15.3, 15.4, and 15.5, we used the bit 
data file three (B3) to hold data patterns for a 16-bit output module or 
to store data patterns from a 16-bit input module. However, there are 
a total of 256 16-bit words in B3 (B3:0 through B3:255). Therefore, the 
number of steps was limited to 256. 

Some PLC applications require the number of steps to be more 
than 256. To exceed this 256-step limit, two sequencers can be cas- 
caded to use both the B3 and the B10 files. Both B3 and B10 files can 
hold 256 words. Therefore, the number of sequencer steps is increased 
to 512. Example 15-5 illustrates cascading sequencers to produce a 
350-step pattern in a PLC ladder logic diagram. 


Example 15-5 


In this example, output module two (O:2) of an Allen-Bradley SLC 
5/03 PLC needs to be controlled by a sequencer output (SQO) instruc- 
tion. The number of step patterns is 355. Therefore, two sequencer 
output instructions need to be connected in series (cascaded). 
Figure 15-14 displays the PLC ladder logic diagram for Example 15-5. 

Closing normally open input zero (1:0/0) starts the timer. The 
content of the timer preset register (T4:0.PRE) is 300, hence the preset 
timer value is three seconds (300 x 0.01 = 3). Notice that the timer 
resets itself every three seconds. 

The normally open contacts T4:0/DN and R6:0/DN in rungs 0001 
and 0002, respectively, close to advance the sequencer positions. How- 
ever, the sequencer in rung 0002 can advance only when the sequencer 
in rung 0001 is done. This means that the normally open contact for 
the sequencer done bit (R6:0/DN) should close first to allow the sec- 
ond sequencer to operate. 

The sequencer with control register zero (R6:0) steps through 255 
steps to transfer data from file B3 to output module two (O:2). Now, 
the normally closed sequencer done contact in rung 0001 opens to stop 
the operation of the first sequencer. Also, the normally open sequencer 
done contact (R6:0/DN) in rung 0002 closes to start the operation of 
the second sequencer. The second sequencer with control register one 
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TON 
Timer ON-delay 
Timer T4:0 
Time base 0.01 
Preset 300< 
Accum O< 


0000 


SQO 
Sequencer output 
File #B3:0 
Mask OFFFFh 
Dest Ola 7210) 
Control R6.0 
Length 2555 
Position i< 


0001 


SQO 
Sequencer output 
File #B10:0 
Mask OFFFFh 
Dest 0:20 
Controll REMI 
Length 100< 
Position 1< 


R6:1 


DN 


0004 c ng 


Figure 15-14. PLC ladder logic diagram for Example 15-5. 


(R6:1) steps through 100 more steps to transfer data from file B10 to 
output module two (O:2). 

When the sequencer in rung 0002 is done, normally open contact 
(R6:1/DN) in rung 0003 closes to reset both sequencers. This starts 
the process over again. The process continues until input zero (I:1/0) 
is opened. The total number of steps that this sequencer system can 
be set to is 512. Each cascaded sequencer adds 256 steps to the system. 
You can increase the number of steps by cascading more sequencer 
instructions. 
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pi 15.7 Parallel Sequencers 


The PLC ladder logic diagrams in the examples of sections 15.3, 15.4, 
and 15.5 assume that sequencer instructions are used to control, moni- 
tor, or record 16-bit output or input modules. This means that the total of 
input or output modules controlled by sequencer instructions is 16. 
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In some PLC applications, more than 16 ports need to be controlled 
Parallel: by the sequencer. Therefore, two or more sequencers are connected in 
ele cl parallel so that they both are enabled simultaneously. Example 15-6 
merece eee illustrates how to connect two sequencers in parallel to control 32 out- 
sequencer outputs. put ports. l 


Example 15-6 


In this example, two output modules for an Allen-Bradley SLC 
5/03 PLC processor need to be controlled by a sequencer system. Out- 
put modules two and three (O:2 and O:3) each have 16 output ports. 
Therefore, in this example, 32 output ports need to be controlled. 
Figure 15-15 displays the PLC ladder logic diagram for Example 15-6. 

Similar to Example 15-5, the timer advances the sequencers every 
three seconds. However, in this example the sequencers advance through 
the steps simultaneously. The number of steps for both sequencers is 


cel T4:0 TON 
0000 — —- Timer ON-delay 
0 DN Timer T4:0 
1746-IA16 Time base 0.01 
Peescs 300< 
Accum 0< 
T4:0 SQO 
0001 Sequencer output 
DN File #B3 :0 
Mask OFFFFh 
| Dest o2 20 
Control R6:0 
Length 5< 
Position 1< 


SQO 
Sequencer output 


0002 E 


File #B10:0 
Mask OFFFFh 
Dest O32) 0 
Control R6:1 
Length 5% 
Position l< 


0003 


0004 


Figure 15-15. PLC ladder logic diagram for Example 15-6. 
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set at five. Bit data file three (B3) holds the data patterns for the first 
sequencer. The first sequencer transfers these data patterns to output 
module two (O:2) every three seconds. Output module two (O:2) has 16 
output ports (O:2/0 through O:2/15). Figure 15-16 displays the content 
of file B3. 

Bit data file ten (B10) holds the data patterns for the second 
sequencer. The second sequencer transfers these data patterns to out- 
put module three every three seconds. Output module three (O:3) has 
16 output ports (O:3/0 through O:3/15). Figure 15-17 displays the con- 
tent of file B10. 

When the sequencer positions reach step five, the normally open 
sequencer done contact (R6:0/DN) closes to reset both sequencers 
and starts the process over. This process continues until input zero 
(1:0/0) is opened. In this example, 32 output ports are controlled by 
the sequencer system. 


[> Data Fide B3 {bin} 


0 
Q 
0 
0 
0 
Q 
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Figure 15-17. Output patterns for output ports 0:3/0 through 0:3/15. 
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ES Summary 


Sequencer instructions are used to control several outputs with 
multiple step patterns. 

e The four blocks of information held by the sequencer block 
instruction are the number of steps, the starting register, the step 
pointer register, and the destination register. 

e The three Allen-Bradley SLC 500 sequencer instructions are 
sequencer output (SQO), sequencer compare (SQC), and 
sequencer load (SQL). 

e The sequencer output (SQO) instruction transfers data from the 
sequencer source file to the output destination module. 

e The sequencer compare (SQC) instruction reads input data from an 
input module or register and then compares the input data to the 
step patterns in a bit data file (B3 or B10) or integer data file (N7). 

e The sequencer load (SQL) instruction is used to read the PLC 
input module and store the input data in a file. 

e The sequencer load (SQL) instruction is only available for the 
Allen-Bradley SLC 5/02, SLC 5/03, SLC 5/04, SLC 5/05, and 
MicroLogix processors. 

e The number of sequencer steps can be increased by connecting 
two sequencers in series, which is called cascading sequencers. 

e The number of outputs that are controlled by the sequencer 
system can be increased by connecting sequencers in parallel. 


BF Review Questions 
. Name the control registers used by sequencer instructions SQO, 
a and SQC. 


2. How many types of sequencer instructions does an Allen-Bradley 
SLC 500 series PLC have? Name them. 


3. Describe the function of the sequencer done and the sequencer 
enable bits. 


4. Describe the function of the found bit in the sequencer compare 
(SQC) instruction. 


5. How is a sequencer instruction reset? 


6. Name the data files that can be used for the source in a 
sequencer output (SQO) instruction. 


7. How can the number of sequencer steps be increased? 


8. How can the number of output ports for sequencer systems be 
increased? 
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Complete each of the following sentences with the correct word(s). 
9. You can use registers through 
in the sequencer output (SQO) instruction. 


10. When a binary number is ANDed with zero, its status is 
effectively hidden or 


for control registers 


M Tre area in a sequencer instruction holds the total 
number of sequencer steps. 


12. The sequencer indicates at which step you want to start 
the sequencer instruction. 


13. The is energized when a sequencer instruction with 
control register R6:0 has stepped through the entire sequencer 
steps. 

14. The is energized when a sequencer instruction with 


control register R6:0 is enabled. 


Specify if the following statements are true or false. 


15. You can use register N7:0 as a control register in a sequencer 
output (SQO) instruction. 

16. The normally open contact R6:0/DN will close whenever the 
sequencer output (SQO) instruction is enabled. 

17. The normally open contact R6:0/FD will close whenever the 
sequencer compare (SQC) instruction is enabled. 

18. File B3 may be used to hold the sequencer output (SQO) 
instruction’s patterns. 

19. The length parameter specifies the number of words in the 
sequencer file. 

20. You can step two or more sequencer instructions simultaneously. 

21. You must use the reset (RES) instruction to reset the SQO 
instruction’s position to zero. 

22. The .LEN and .POS can hold numbers up to 256 since an SQO 
can have up to 256 steps. 

23. There are 255 16-bit words in file B3. 

24. There are 255 16-bit words in file B10. 


Use the sequencer instruction to draw the PLC ladder logic diagram for the 
following problems. 


25. Use the sequencer instructions to do the following steps when 
pushbutton six is pressed. 
e Turn the red pilot light (Red_PLT) on for two seconds, and 
then leave it on. 
e Turn the yellow pilot light (Yellow_ PLT) on for four seconds, 
and then leave it on. 
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26. 


2 


e Turn the white pilot light (White_PLT) on for eight seconds, 
and then turn it off. 

e Turn the green pilot light (Green_PLT) on for ten seconds, 
and then leave it on. 

Note: Make sure that there is a reset instruction in the program. 

A. Assign the input and output terminals. 

B. Draw the PLC ladder logic diagram and record the data in 
the bit (B3) and integer (N7) files. 

Use the sequencer instruction to place the following matrix in 

the PLC. Each step should last five seconds. The process should 

continue until a master start/stop switch (I:1/0) is opened. 

Note: Make sure that there is a reset instruction in the program. 

Step Number LT1 EY LES LT4 Lis 


1 ON ON OFF OFF “@EE 
2 OFE ON ON OFF? “OFF 
3 OFF Orr ON ON OFF 
4 OFF OFF OFF ON ON 


A. Assign the input and output terminals. 

B. Draw the PLC ladder logic diagram and record the data in 
the bit (B3) and integer (N7) files. 

Write a program using the sequencer instruction to perform the 
following tasks. 

e Read the six (6) sets of data from input module three (3) 
within a twelve (12) second interval (in other words, read the 
data every two (2) seconds). 

e Ifthe pattern 0111100001111000 = 7878 Hex is found, turn on 
the output O:2/0. 

e The process should continue until a master stop/start switch 
(I:1/0) is opened. 

A. Assign the input and output terminals. 


B. Draw the PLC ladder logic diagram and record the data in 
the bit (B3) and integer (N7) files. 
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A. Li Ti SU a W SENE BE DE 


Troubleshooting and Servicing 
the PLC System 


i Chapter Outline 


16.1 Introduction 

16.2 Routine Maintenance 
16.3 Hardware 

16.4 Software Error Detection 


i Technical Terms 


power light CPU fault light forced condition 
PLC run light forced I/O light battery low light 


EH Learning Objectives 
, After completing this chapter, you will be able to: 
e Explain the meaning of SLC 500 PLC indicator lights. 
e Use forced instructions to check PLC input and output ports. 
e Use PLC programming software to find CPU fault errors. 
e Take corrective actions to correct CPU fault errors. 


fi 16.1 Introduction 


This chapter explains how to correct both hardware and software 
problems related to a PLC unit and PLC ladder logic diagrams respec- 
tively. All PLC maintenance technicians should learn problem-solving 
techniques for PLC control systems. 

When a PLC is first programmed, several steps should be taken to 
debug the PLC ladder logic diagram to make sure the PLC control sys- 
tem is operating correctly. Once a PLC is connected properly and its 
ladder logic diagram is put in place, it is left in a stand-alone continu- 
ous operating mode. However, occasionally maintenance technicians 
must check and make sure that the system is in the correct operating 
mode. 

In this chapter, you will learn how to interpret status indicator 
lights on the processor and input and output modules. You will also 
learn how to force on and off input and output ports to verify they are 
working. Finally, you will learn to interpret the status file (S2) to solve 
errors. 
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q 16.2 Routine Maintenance 


When a PLC is in operation, maintenance technicians need to 
check its operating condition periodically. The operating condition 
can be inspected by looking at the indicator lights on the front panel 
of the PLC. 

Figure 16-1 displays five indicator lights similar to the lights 
placed on the front panel of the Allen-Bradley Fixed SLC 500 PLC. 
These indicator lights should be monitored to check the condition of 
an operating PLC unit. The indicator lights displayed in Figure 16-1 
describe the operating conditions of an SLC 500 PLC. These lights are 
the following: 


e Power. 
e PLCrun. 
e CPU fault. 


e Forced I/O. 
e Battery low. 


Power light: The power light indicates when power has been applied to the PLC 
oe ee, and the processor is energized. This light should normally be on. If the 
AC voltage ae its power light is not on, a technician must take the following three steps: 
power supply module 1. Check if there is a blown fuse, tripped circuit breaker, or open 
and correct DC output circuit in the PLC voltage supply circuit. Corrective action must 


voltage from its power 


suai) eeu) be taken to fix the continuity in the PLC voltage supply circuit. 


2. Check the voltage at the PLC power supply. First, check the 
voltage with a voltmeter. Line voltage must always be checked to 
ensure that it is within 10% of the PLC-rated voltage. For example, 


Figure 16-1. Indicator lights for Allen-Bradley SLC 500 PLCs. 
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given an SLC 500 PLC with a rated input voltage of 120 VAC, the 
line voltage must be within plus or minus 12 volts of 120 VAC 
(108 V to 132 V). Technicians should also check the line voltage 
waveform using an oscilloscope. The line voltage frequency must 
be within 5% of the PLC rated frequency. For example, for an SLC 
500 PLC with a rated input frequency of 60 Hz, line frequency 
must be within plus or minus 3 Hz of 60 Hz (57 Hz to 63 Hz). The 
line voltage waveform must also be checked for excessive spikes 
(i.e. over voltage) and dips (i.e., under voltage). 


. Check for proper power supply jumper connections. Check the 


output voltage of the PLC power supply for correct DC voltage 
levels. These voltage levels are typically plus or minus 5 VDC. If 
the voltage coming into the PLC power supply module is correct, 
but it does not deliver the correct DC voltage to the PLC central 
processing unit (CPU), you should replace the PLC power supply 
module. 


The PLC run light is on when the processor is in the run mode. If 


this light is expected to be on, but it is not, a technician must take the 
following three steps: 


Íl 
2: 
3. 


Check if the proper PLC mode is selected (i.e., run mode). 
Make sure that the PLC does not have faulty memory. 


Check for a short circuit in the input/output modules or for an 
improper grounding connection. This can cause a high voltage 
surge that can clear the PLC memory. 


The CPU fault light is on when the PLC processor detects an 


error in the system. When the PLC CPU fault light turns on, the PLC 
will turn off all outputs. To solve this problem, a technician must take 
the following three steps: 


itt 


Connect a laptop computer to the PLC and in RSLogix, place 
the PLC in run/monitor mode. When the computer is connected 
to the PLC, an error message will be displayed on the screen. 
Carefully read the error message. 


. Click status file two (S2) to open the data file S2 in the status dialog 


box. Find the error flag(s). If you aren't familiar with the flag(s), you 
can use the Help command to learn about the error flag(s). 


. Take corrective action to clear the error flag(s). Checking status 


file two (S2) is explained in detail in Section 16.5. If the fault 
condition persists, disconnect power to the PLC and then replace 
the memory module. 


The forced I/O light turns on when the processor is in the forced 


condition. A forced condition is when the programmer can close or 
open inputs, and turn outputs on or off using computer keystrokes. 
This condition is ordinarily used to check the input/output ports. 
Sometimes, forced conditions are used for troubleshooting PLC lad- 
der logic diagrams. 
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PLC run light: 
Light that is on when the 
PLC is in the run mode. 


CPU fault light: 

Light that turns on when 
the PLC ladder logic 
diagram has an error. 


Forced I/O light: 

Light that turns on when 
the PLC is placed in the 
forced mode. 
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Forced condition: Forced conditions must be used with extreme caution. Occupa- 
ae tional Safety and Health Agency (OSHA) regulations require that 
eee ee eee technicians must not use forced conditions when the plant is in nor- 


on and off. : ; : ‘ 
mal operation. During normal plant operation, assembly line work- 
ers are present. Using forced input/output conditions to unexpectedly 
start or stop machines can injure plant workers. Therefore, technicians 
should only use the forced condition during plant shutdown periods. 

Battery low light: The battery low light is on when the battery on the CPU board is 

Ei eee S low. In case of power failure, the processor memory must be retained. 

pa i ee sa A he PLC motherboard id r to the system 

low-power battery on the attery on the - motherboard provi es powe y 

PLC motherboard. memory in case of this power failure. When the battery needs to be 


replaced, this light turns on. Typically, the battery in a PLC mother- 
board should be replaced every five years. 

In addition to checking the indicator lights, technicians must also 
maintain a clean environment around the PLC cabinets. Although, 
PLCs are designed to work in industrial environments, excessive pol- 
lution can damage the PLC central processing unit (CPU), memory 
module, or input/output modules. 


q 16.3 Hardware 


Programmable logic controller devices usually have input/out- 
put (I/O) status indicator lights on their I/O modules. These indicator 
lights can be used to monitor the operation of a PLC device. Prior to 
connecting the input and output ports, force instructions should be 
used to check the I/O ports of the PLC. 

The Allen-Bradley fixed SLC 500 PLC has twelve inputs (1:0/0, 
1:0/1, 1:0/2, 1:0/3, 1:0/4, 1:0/5, 1:0/6, 1:0/7, 1:08, 1:0/9, I:0/10, and 1:0/11). 
Also, the SLC 500 PLC has eight outputs (O:0/0, O:0/1, O:0/2, O:0/3, 
0:0/4, O:0/5, O:0/6, and O:0/7). Figure 16-2 displays that each input 
and output port has a status indicator light on the SLC 500 front hous- 
ing panel. 

Example 16-1 illustrates how to use forced conditions to check the 
I/O ports of the PLC prior to connecting input and output devices. 
You will see how to test and make sure that the input/output ports 
and their status indicator lights are operating correctly. 


Example 16-1 


In this example, the force instruction is used to check the input/ 
output ports of an Allen-Bradley Fixed SLC 500 PLC. Rockwell RSLogix 
500 software is used to create the ladder logic diagram displayed in 
Figure 16-3. 

Download the ladder diagram program to the PLC and place the 
PLC in the run/monitor mode. Figure 16-4 displays the force files 
icons in the project tree area. The input and output force files can be 
opened by double-clicking their icons. 
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Figure 16-2. Input/output status indicator lights for Allen-Bradley 
SLC 500 PLCs. 


Figure 16-3. PLC ladder logic diagram for Example 16-1. 
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Figure 16-4. PLC force files in the project tree area. 
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Figure 16-5 displays the Input Forces dialog box. All inputs dis- 
played in Figure 16-5 are forced on and the force mode is enabled. The 
programmer needs to open the input force file and place a 1 on the 
ports that are going to be forced “closed.” This action places the input 
ports in the forced on mode. Therefore, all twelve input indicator lights 
on the front panel of the SLC 500 PLC should be on. 

You should use an ohmmeter to check and verify that all input 
ports are closed. Then, the input ports should be placed in the forced 
off condition by placing zeroes in the input force file. All the input 
port indicator lights should now turn off and the input ports should 
be opened. 

Figure 16-6 displays the Output Forces dialog box. All outputs 
displayed in Figure 16-6 are forced on and the force mode is enabled. 
This action will place the output ports in the forced on mode. There- 
fore, all eight output indicator lights should be on. 

You should use a voltmeter to check and verify that all output 
ports are energized. Then, the output ports should be placed in the 
forced off condition by placing zeroes in the output force file. All the 
output port indicator lights should turn off and the output ports 
should be de-energized. The final step is to click the Remove All but- 
ton. This will remove all the input/output forced conditions. 


In this section, you learned the method for testing PLC input/ 
output ports. Section 16.4 explains how to use the status file (S2) to 
diagnose software errors. 


| = Data File It fen) — INPUT Faces 
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Figure 16-6. PLC output ports are placed in the forced on mode. 
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F 16.4 Software Error Detection 
3 


The CPU fault light on the front of the PLC panel is turned on 
when there is an error in the operation of the PLC ladder logic dia- 
gram. To diagnose the error, a technician must connect a laptop or 
personal computer loaded with Rockwell RSLogix 500 software to the 
PLC. The PLC is placed online with the computer and is placed in 
the run/monitor mode. Then the Data File S2—Status dialog box is 
opened. The last step is to find and correct the error(s). Example 16-2 
illustrates how to find and correct PLC fault errors. 


Example 16-2 


This example illustrates how to use status file two (S2) to find the 
error that caused a PLC fault. Then, using the Data File S2—Status 
dialog box, the fault can be cleared and corrective action can solve the 
problem. 

Figure 16-7 displays the ladder logic diagram for an SLC 500 
programmable logic controller. Green (Green_PB) and red (Red_PB) 
pushbuttons in rungs 0000 and 0001 are used to advance the contents 
of accumulated registers for counter zero (C5:0.ACC) and counter one 
(C5:1.ACC). 

In rung 0002, the content of the accumulated register for counter 
zero (C5:0.ACC) is divided by the content of the accumulated register 
for counter one (C5:1.ACC). Both counters are reset to zero by closing 
the normally open thermostat switch in rung 0003. 

When the ladder logic diagram displayed in Figure 16-7 is down- 
loaded into the PLC and the PLC is placed in the run mode, the CPU 
fault light turns on. The PLC is then placed in the run/monitor mode. 
While the PLC is in the run/monitor mode, the Data File S2—Status 
dialog box is opened. 

Figure 16-8 displays the Data File S2—Status dialog box. The 
error page in the dialog box indicates that the Major Error Halt $:1/13 
and Math Overflow Trap S:5/0 flags are set. 

Using the Help command, one can find that the overflow flag in 
this PLC program is caused by dividing a number by zero. Clicking 
the Clear Major Error button will clear the PLC faults. The Clear Major 
Error button is in the Data File S2 dialog box. Now, the PLC should 
be placed in the offline mode. Then, the PLC ladder logic diagram is 
modified. Figure 16-9 displays the new PLC ladder logic diagram. 

Notice that a new rung with equal to (EQU) and move (MOV) 
instructions will ensure that the content of the accumulated regis- 
ter for counter one (C5:0.ACC) is never equal to zero. Now, a divide 
by zero calculation will not occur. This problem-solving action cor- 
rects the PLC fault. Therefore, the ladder logic diagram displayed in 
Figure 16-10 can now be downloaded into the PLC and the PLC can be 
placed in run mode. 
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Figure 16-7. Incorrect PLC ladder logic diagram for Example 16-2. 
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Figure 16-8. The Data File S2—Status dialog box. 
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Figure 16-9. Correct PLC ladder logic diagram for Example 16-2. 


Summary 


e SLC 500 PLCs have five indicator lights: power, PLC run, CPU 
fault, forced I/O, and battery low. 

e Indicator lights should be monitored to check the condition of 
an operating PLC and appropriate corrective actions should be 
taken by technicians when fixing PLC faults. 
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e Input/output status indicator lights are used to monitor the 
status of PLC input/output ports. 


e PLC input/output ports can be checked in the forced mode 
before connecting them to external input/output devices. 


e Technicians must not use forced conditions when the plant is in 
normal operation in order to prevent the injury of plant workers. 


e Rockwell RSLogix 500 software can be used for troubleshooting 
to find PLC faults and take corrective actions to solve problems. 


B® Review Questions 
. How many indicator lights does an Allen-Bradley SLC 500 PLC 
have? Name them. 
2. Describe a power light. 
3. Describe a battery low light. 


4. How does a technician search to find the cause of a CPU fault 
error? 


5. Why are PLC input/output ports placed in the forced condition? 
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17.2 Transmission Media 
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17.6 DH-485 Network Software Configurations 
17.7 SVC and MSG Instructions 


la Terms 


PLC network terminating resistor isolated link coupler 
node star topology interface converter 
network protocol tree topology initiator 

transmission media ring topology responder 

coaxial cable hybrid topology peer-to-peer network 
impedance network access control master/slave network 
repeater token-passing Ethernet 

twisted pair cable token subnet mask 

crosstalk Carrier Sense Multiple gateway address 
fiber-optic cable Access with Collision service communications 
control network Detection (CSMA/CD) (SVC) instruction 
network topology Data Table Access Module message read/write (MSG) 
bus topology (DTAM) instruction 


q Learning Objectives 


After completing this chapter, you will be able to: 

e Name the common devices used in a PLC network. 

e Describe the three main elements of a PLC network. 

e Describe the characteristics of twisted pair, coaxial, and fiber- 
optic cable. 

e Describe the networks used with Allen-Bradley SLC 500 PLCs. 

e Configure a DH-485 PLC network using the RSLogix 500 
software. 


e Use service communications instructions and message read/ 


write instructions to create PLC ladder logic diagrams. 
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PLC network: 

A network that allows 
PLCs, operator 
interfaces, and other 
PLC-related devices to 
communicate with one 
another. 


Node: 
A device on a network. 


Network protocol: 

A standard for the way 
nodes communicate 

on the network, such 

as the way data is 
packaged and sent out 
on the transmission 
media (cabling) and the 
method for accessing the 
transmission media. 


Transmission media: 
The cable through which 
data and conirol signals 
flow on a network. 


ł 17.1 Introduction 


PLCs are often networked in manufacturing plants and material 
handling industries to complete a common goal. A PLC network con- 
sists of PLCs, operator interfaces, and other PLC-related devices. Each 
device on the network, also called a node, may handle a specific task. To 
accomplish a common goal, the networked devices communicate with 
one another using a common network protocol. A network protocol 
is a standard for the way nodes communicate on the network, such 
as the way data is packaged and sent out on the transmission media 
(cabling) and the method for accessing the transmission media. 

PLC networks allow PLCs to share information from their data 
tables, such as the current state of an output device or status bits. This 
information may determine the action of another PLC. PLC networks 
also allow programs to be uploaded or downloaded from a central loca- 
tion. For example, a PLC programmer can write a program on a PC 
and then download that program to a PLC on the network. The PLC 
programmer or technician can also monitor the networked PLCs from a 
central location for testing, maintenance, and troubleshooting purposes. 
Since networked PLCs are very common in industry, it is important that 
you have a basic knowledge of PLC network terminology and the net- 
work types used with the Allen-Bradley SLC 500 PLCs. 

Allen-Bradley SLC 500 PLCs are designed for a variety of net- 
work types, such as DH-485, DH+, and Ethernet. In this chapter, you 
will learn about the characteristics of each of these network types. 
However, you must first be familiar with the terms and characteris- 
tics related to the basic elements of a network: transmission media, 
network topology, and media access protocol. Therefore, before dis- 
cussing the types of PLC networks used with Allen-Bradley SLC 500 
PLCs, you will learn about these basic network elements. Then you 
will learn how to configure a PLC for use on a network and learn 
some simple programming instructions for sending data to and from 
one PLC to another. 


Ai 17.2 Transmission Media 


Transmission media is the cable through which data and con- 
trol signals flow on a network. The three major types of media used 
for network communication are coaxial cable, twisted pair cable, and 
fiber-optic cable. Each cable type has different electrical capabilities 
and may be more or less suitable to a specific environment or network 
type. In this section, you will learn about the characteristics and capa- 
bilities of coaxial, twisted pair, and fiber-optic cable. Keep in mind 
that not all networks transmit information through cable. Wireless 
networks, such as DF1 Radio Modem, communicate through radio 
waves, which are transmitted through the air. 
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Coaxial Cable 


Coaxial cable, or coax, consists of a copper core conductor that 
is surrounded by an insulator, a shield, and an insulating jacket, 
Figure 17-1. The core conductor can be solid or stranded. The insula- 
tor around the core conductor separates the core from the shield, thus 
preventing an electrical signal from flowing between the two. The 
shield, typically wire mesh, also serves as a conductor and protects 
the electrical signal from being corrupted by electrical interference. 
Some coaxial cable has an added foil shield for extra protection. The 
outer jacket serves to protect the inner components of the cable. 

There are many sizes and types of coaxial cable. For example, 
the diameter of the core conductor and number of core conductors 
it contains may vary. Coaxial cable is classified by its impedance rat- 
ing and is typically given an RG-# name, such as RG-58. An RG-58 
cable is rated at 75 Q (ohms). The thickness of the core conductor and 
its length determine the cable's resistance or impedance. You should 
recall from your studies of electricity and electronics that impedance 
is the overall resistance a wire experiences when alternating current 
(AC) flows through it. 

Impedance is typically the limiting factor of the overall length of 
a network and the number of nodes it can support without a repeater. 
A repeater is a device that restores a signal to its original strength, 
or amplification level, and then forwards the signal through the net- 
work. As you will see by reading this chapter, different network types 
have different specifications for cable length and type. These specifi- 
cations must be followed to avoid data corruption and signal attenua- 
tion (weakening). 

The DH+ PLC network uses the Belden 9463 cable, Figure 17-2. 
This type of cable is referred to as twinaxial cable because it has two 
conductors, each surrounded by an insulator. The cores are stranded. 
The two conductors and insulators are surrounded by a mesh, or 
braided, shielding. A braided thread of the shielding is used as part of 
the connection, called a drain wire. The Allen-Bradley SLC 5/04 has two 
connections for DH+ communication, Figure 17-3. The three-pin con- 
nection is for DH+ network communication. The eight-pin connection 


Insulating Shield 


jacket 


Insulator 


Copper 
core 
conductor 


Figure 17-1. Coaxial cable. 


Coaxial cable: 

A type of cable that 
consists of a copper 
core conductor that 

is surrounded by an 
insulator, a shield, and 
an insulating jacket. 


Impedance: 

The overall resistance a 
wire experiences when 

alternating current (AC) 
flows through it. 


Repeater: 

A device that restores 

a signal to its original 
strength, or amplification 
level, and then forwards 
the signal through the 
network. 
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Twisted pair cable: 

A type of cable 
consisting of pairs of 
twisted conductors all of 
which are surrounded by 
an insulating jacket. 


Crosstalk: 

The effect of an 
electrical signal from 
one conductor interfering 
with the electrical signal 
of an adjacent conductor. 


Shield 


Insulating 
jacket 4 


Copper core 
conductor 


Drain wire 
Belden 9463 


Figure 17-2. Belden 9463 twinaxial cable. 


DH+ Network 


DH+ Monitor 
Communications Connection 
Connection 


Figure 17-3. DH+ communication ports on the Allen-Bradley SLC 5/04. 
The three-pin connection is for DH+ network communication, and the eight- 
pin connection is used for monitoring DH+ communications. 


is used to monitor DH+ communications. Even though the monitor 
connection has eight pins, only pins 1, 3, and 6 are used. The imped- 
ance rating of this cable is 78 Q. 


Twisted Pair 


Twisted pair cable consists of many conductors inside an outer 
jacket. Each conductor is covered with a coating of plastic and is color- 
coded. The conductors are arranged pairs, which are twisted together. 
Twisting the pairs together helps to eliminate crosstalk. Crosstalk is 
the effect of an electrical signal from one conductor interfering with 
the electrical signal of an adjacent conductor. 

Two major types of twisted pair cable are shielded twisted pair 
(STP) and unshielded twisted pair (UTP). STP has a foil shield between 
the outer jacket and the bundle of twisted conductor pairs. Some STP 
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cables also have a shield around each individual pair for extra protec- 
tion from electromagnetic interference and crosstalk. 

The DH-485 PLC network uses the Belden 9842 and Belden 3106A 
twisted pair cables. The Belden 9842 has two twisted pairs and a drain 
wire, Figure 17-4. One pair consists of an orange conductor with a 
white stripe and a white conductor with an orange stripe. This pair 
serves as the data pathway. The other pair consists of a blue conductor 
with a white stripe and a white conductor with a blue stripe. The white 
conductor with the blue stripe is not used and is to be cut back so that 
it does not make an electrical connection. The blue conductor with the 
white stripe serves as a common. 

The Belden 3106A has a drain wire, one pair (orange with white 
stripe and white with blue stripe), and one conductor (solid blue or blue 
with white stripe), Figure 17-5. Belden 9842 and Belden 3106A cables 
are typically wired to a connector or a terminal strip. Figure 17-6 shows 
the wiring for each cable type. 


Drain 
wire 
Belden 9842 


Figure 17-4. Belden 9842 twisted pair cable. Used in the DH+ PLC network. 


Drain 
wire 


Belden 3106A 


Figure 17-5. Belden 3106A twisted pair cable. Used in the DH-485 PLC 
network. 
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Termination Termination 
Orange w/white stripe Data A Orange w/white stripe Data A 
White w/orange stripe Data B White w/orange stripe Data B 
Blue Common Blue w/white stripe Common 
Drain Shield i Drain Shield 
Ground Ground 
Belden 3106A Belden 9842 


Figure 17-6. DH-485 connector or terminal wiring scheme for Belden 3106A and Belden 9842 cable. 


The Ethernet PLC network uses the Category 5 (also called Cat 5) 
twisted pair cable. This cable type has four twisted pairs. Each pair 
consists of a solid and a white-striped conductor. The connector is 
called an RJ-45. It is similar to a telephone connector (RJ-11), but it is 
larger and has eight connections instead of four. Figure 17-7 shows a 
Cat 5 cable and RJ-45 connector. 

Even though all of the conductors of a Cat 5 cable are fitted into 
the RJ-45 connector, only conductors in connections 1, 2, 3, and 6 
are used. There are two wiring standards: T568A and T568B. See 
Figure 17-8. Notice how each standard uses a different color code 
for wiring. When a PLC is connected to a device called a hub, both 


B 


Figure 17-7. An Ethernet PLC network uses the Category 5 cable and 
RF-45 connectors. A—RJ-45 connector. B—Category 5 cable. 
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ends of the cable use either the T568A or T568B standard. This is called 
a straight-through cable. When a PLC is to connect to another PLC, one 
cable end must be wired to the T568A standard and the other to the 
T568B standard. This is called a crossover cable, Figure 17-9. This type 
of cable allows data to be exchanged between two Ethernet devices 
without the use of a hub. Basically, it allows the transmit of one device 
to connect to the receive of the other and vice versa. 


TIA/EIA 568A TIA/EIA 568A 
Straight-Through Cable 
8 E 8 
7 7 
6 | 6 
5 5 
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3 3 
2 2 
] ] 
8 E 8 
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2 S) 
2 am 2 
1 ] 


Figure 17-8. TIA/EIA 568A and TIA/EIA 568B wiring schemes used to create a straight-through cable. 
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Figure 17-9. TIA/EIA 568A and TIA/EIA 568B wiring schemes used to create a crossover cable. 
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Fiber-optic cable: 

A type of cable designed 
to transmit pulses 

of light rather than 
electrical current. lt 

has a tiny diameter (in 
the micrometer range) 
center conductor made 
of glass or plastic. The 
conductor is surrounded 
by cladding, which keeps 
the light from escaping 
its boundaries. A buffer 
surrounds the cladding 
and gives the cable 
strength. 


Control network: 

A type of network 

that coordinates the 
operation of control 
devices and interfaces 
to typical PLC devices, 
such as motor drives 
and other devices on the 
plant floor. 


Network topology: 
The physical arrangement 
of devices on a network. 


Bus topology: 

A network topology that 
has a single trunk line to 
which network devices, 
or nodes, are connected. 


Fiber-Optic 


Fiber-optic cable, Figure 17-10, is designed to transmit pulses 
of light rather than electrical current. It has a tiny diameter (in the 
micrometer range) center conductor made of glass or plastic. The con- 
ductor is surrounded by cladding, which keeps the light from escaping 
its boundaries. A buffer surrounds the cladding and gives the cable 
strength. It enables the cable to be pulled without breaking the center 
conductor. It also serves as a cushion, further protecting the fragile 
conductor. Since fiber-optic cable uses light transmission instead of 
electrical current, it is not affected by impedance. It can, therefore, 
span greater lengths than coaxial and twisted pair cable and is capa- 
ble of higher transmission speeds. Fiber-optic cable is often used as 
backbone in large networks because of these characteristics. Specifi- 
cally, in relation to PLC networks, it is used in PLC control networks, 
such as DeviceNet, ControlNet, and Remote I/O. A control network 
coordinates the operation of control devices on the network as well 
as interfaces to typical PLC devices such as motor drives and other 
devices on the plant floor. Control networks are beyond the scope of 
this book and will, therefore, not be covered in this chapter. 


fi 17.3 Network Topologies 


A network topology describes the physical arrangement of 
devices on a network. The most common topologies are bus, star, 
tree, ring, and hybrid. See Figure 17-11. A bus topology consists of a 
single trunk line to which network devices, or nodes, are connected, 
Figure 17-11A. Depending on the network type, nodes may attach 
directly to the trunk line or to drop cables thatextend from the trunk line. 
An Ethernet trunk line, which uses RG-58 coaxial cable (also referred 
to as thinnet), is a single trunk line segmented only by T-connectors, 
the base of which attaches to the BNC connection on the node, 
Figure 17-12. The trunk line of the DH-485 and DH+ PLC networks 
can be daisy-chained or it can use the drop cable configuration, 
Figure 17-13. The daisy-chain and drop cable configurations for 
DH-485 and DH+ are covered in detail in the PLC Networks section. 


A Buffer 
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Glass or 
plastic core 


Cladding 


Figure 17-10. Fiber-optic cable. 
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Due to the physical nature of the bus topology and the way the Terminating resistor: 
data is transmitted on the network, each end of the bus must be ter- ^’ electronic component 


- ae: : : E or device that absorbs the 
minated” In PLC networks, this is accomplished with a terminating signaj when it reaches 


resistor. The terminating resistor absorbs the signal when it reaches the cable end. This keeps 
the signal from bouncing 
back across the bus and 
colliding with new signals. 


Terminating Terminating 
resistor resistor 


\ 


A Bus 


B Star D Ring 


| 
bd 


= 


C Tree 
Figure 17-11. Network topologies. A—Bus. B—Star. C—Tree. D—Ring. Ee ou: 
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Terminating 
resistor 


BNC connection RG-58 


T-connector 


Figure 17-12. This Ethernet trunk line is an example of a bus topology. 


Drop-cable 


Daisy-chain 


Figure 17-13. Drop cable and daisy-chain trunk line configurations. Both are examples of a 


bus topology. 


Star topology: 

A network topology that 
uses a center hub to 
which nodes attach. 


Tree topology: 

A network topology 
that consists of two or 
more star topologies 
connected together. 
Ring topology: 

A network topology that 
forms a data path ina 
ring. 


Hybrid topology: 


A network topology 
consisting of two or 
more different topologies 
connected together. 


the cable end. This keeps the signal from bouncing back across the bus 
and colliding with new signals. 

A star topology consists of a center hub to which the nodes attach, 
Figure 17-11B. An Ethernet PLC network uses the star topology. Nodes 
connect to the hub (also considered a node) with Cat 5 twisted pair 
cable. Multiple Ethernet PLC networks are joined together hub to hub, 
forming a tree topology. A tree topology is two or more star topolo- 
gies connected together, Figure 17-11C. 

A ring topology forms a data path in a ring, Figure 17-11D. In 
relation to PLC networks, they are typically used in control networks 
with fiber-optic cable. 

A hybrid topology, Figure 17-11E, is created when the differ- 
ent types of PLC networks are connected together, such as when the 
networks are part of a control network. The following table lists the 
topologies that are used in each of the PLC networks that are covered 
in this chapter. 


PLC Network Topology 
DH-485 bus 
DH+ bus 
Ethernet star 
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q 17.4 Network Access Control 


Network access control is the method of accessing the network 
media (cable). It ensures that data is transmitted in an organized man- 
ner to reduce the possibilities of data corruption. The network access 
methods typically used in PLC networks are token-passing and Car- 
rier Sense Multiple Access with Collision Detection (CSMA/CD). The 
following table lists the network access methods used by the PLC net- 
works covered in this chapter. 


PLC Network Network Access Method 
DH-485 token-passing 
DH+ token-passing 
Ethernet CSMA/CD 


In a token-passing based network, a node can transmit data on 
the network only when it has possession of a token. A token is simply 
a small packet of data that is passed from node to node. DH-485 and 
DH+ use the token-passing method. 

Ethernet networks use Carrier Sense Multiple Access with Colli- 
sion Detection (CSMA/CD). For this type of network access method, 
nodes that wish to transmit data “listen” to the activity on the network 
media. If they do not detect any activity, they transmit their data. With 
this access method, there is a possibility that more than one node will 
transmit data at the same time. When this happens, a collision occurs. 
The nodes “listening” to the activity on the network media will detect 
this collision. Each node that had sent out a transmission will wait a 
random amount of time and will resend its data if it does not detect 
any network activity. 


4 17.5 PLC Networks 


Allen-Bradley SLC 500 PLCs are typically used with the 
DH-485, DH+, and Ethernet networks. Table 17-1 lists the various 


T 
RS232 (DH-485, DF1, and ASCII) | 


ASSAD net ST 


Table 17-1. Allen-Bradley SLC channels and interfaces. 


Network access 
control: 

The method of accessing 
the network media 
(cable) to ensure that 
data is transmitted in 

an organized manner 

in order to reduce the 
possibilities of data 
corruption. 
Token-passing;: 

A network access control 
method in which a node 
can transmit data on the 
network only when it has 
possession of a token. 


Token: 

A small packet of data 
that is passed from 
node to node in a token- 
passing network. 


Carrier Sense Multiple _ 
Access with Collision 
Detection (CSMA/CD): 
A network access 
method in which a node 
that wishes to transmit 
data “listens” to the 
activity on the network 
media and transmits data 
when there is no activity. 
If another node transmits 
data at the same time, 

a collision occurs. The 
nodes will wait a random 
amount of time before 
retransmitting. 
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Data Table Access 


Module (DTAM): 

A device that allows 
quick access to a PLC’s 
data files for the purpose 
of monitoring, modifying, 
and troubleshooting 
program operation. 


Isolated link coupler: 


A device that provides 
protection from damage 
due to surges and spikes 
by electrically isolating 
electrical signals from 
the two devices that are 
coupled. It also couples 
a high-power device to a 
low-power device. 


Interface converter: 


A device that provides 
a communication link 
between two different 
communication 
interfaces. 


Allen-Bradley SLCs and their interfaces. Notice that the SLC 5/03, 
5/04, and 5/05 have two communication channels: Channel 1 and 
Channel 0. Channel 1 is used for network communications and 
Channel 0 is used for monitoring network communications. Chan- 
nel 0 is an RS-232 interface that is capable of DH-485, DF1, and ASCII 
communications. A communication channel on the PLC LAN must 
not be disabled unless one does not intend to use it in the future. 
Even if only one channel is used in the network, you should allow 
the LAN to have access to both communication channels (Channel 0 
and Channel 1). 

You have already learned about the types of cables, connectors, 
and network media access methods used with the DH-485, DH+, and 
Ethernet networks. In this section, you will learn about the speci- 
fications for merging cable and topology, such as the cable lengths 
that are specified for each network type. You will also build on your 
knowledge of network access methods to learn more about how each 
network type communicates. 


DH-485 


DH-485 is a local area network for PLCs that allows up to 32 
devices to be attached to a trunk line. Typical devices that can be 
part of a DH-485 network are PCs, laptops, SLC 500 PLCs, Data Table 
Access Modules (DTAMs), isolated link couplers, and interface con- 
verters, Figure 17-14. 

A Data Table Access Module (DTAM) allows quick access to a 
PLC’s data files for the purpose of monitoring, modifying, and trou- 
bleshooting program operation. An isolated link coupler provides 
protection from damage due to surges and spikes by electrically iso- 
lating electrical signals from the two devices that are coupled. It also 
couples a high-power device to a low-power device. An interface 
converter provides a communication link between two different com- 
munication interfaces. Interface converters designed for the DH-485 
network provide a communication link between the DH-485 interface 
and another interface, such as USB, RS232, and DH+. For example, the 
1747-UIC interface allows a device with a USB port, such as a laptop 
to connect to a device with a DH-485 port, such as the 1747-AIC link 
coupler. Table 17-2 lists some common Allen-Bradley devices used in 
a simple DH-485 network and their description. 

The Allen-Bradley 1747-AIC link coupler has three ports, or inter- 
face connections: DH-485, Peripheral, and CPU. A PC or laptop can 
connect to the link coupler through an interface converter or from an 
interface card installed in the PC or laptop. The Allen-Bradley 1784- 
PKTX(D) is a PCI interface card that provides a connection from a PC 
to a DH-485 and DH+ network. The Allen-Bradley 1784-PCMK is a 
PCMCIA interface card that provides a connection from a laptop com- 
puter to a DH-485 and DH+ network. 
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Figure 17-14. Example of a DH-485 PLC network. 


-485 Device 


1747-AlC oi oupler w ee ports: DH-485, Peripheral, and í 
1747-PCMK PCMCIA network interface card for DH-485 and DH+ networks. | 
| 1747-UIC | Interface converter that allows a connection between a USB port | 


| and a DH-485 port. 


Table 17-2. Typical devices used on a DH-485 PLC network. 


Interface cards, interface converters, and DTAMs can connect 
directly to the Peripheral port on the Allen-Bradley 1747-AIC link cou- 
pler. PLCs connect to the CPU port. To learn about more advanced 
configurations and other DH-485 network devices, refer to the Allen- 
Bradley product literature. 
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The DH-485 network uses the Belden 3106A or Belden 9842 cable. 
You should recall that the Belden 9842 has two twisted pairs and a 
drain wire, whereas the Belden 3106A cable has one twisted pair, a 
conductor, and a drain wire. The cable is daisy-chained from link cou- 
pler to link coupler. The daisy chain forms the trunk line, which can- 
not exceed 4000 ft (1200 m). 

The trunk line of a DH-485 network must be properly grounded 
and terminated. To ground a DH-485 trunk line, one of the end con- 
nectors must have a jumper wire connected between connections 1 
and 2. This connects the shield to an earth ground. To terminate a DH- 
485 trunk line, each of the two end connectors must have a jumper 
wire connected between connections 5 and 6. The DH-485 connector 
has 120 Q of impedance built-in. See Figure 17-15. 

The DH-485 network uses the token-passing method for access- 
ing the network media, and it uses the terms initiator and responder to 
describe which nodes can have access to the token and which can only 
reply to it. Nodes such as PCs, DTAMs and PLCs can be an initiator, 

anaes responder, or both. Table 17-3 lists the capabilities of these devices. An 
nitiator: ne 

Moder sends initiator must have control of the token in order to send a message to 
messages to other nodes. | another node. When the initiator is finished and it no longer needs the 


Termination 

Orange w/white stripe 
White w/orange stripe | 
Blue | 

Drain 

Ground 


Figure 17-15. A jumper wire must be placed between connections 5 and 6 to terminate 
each end of a DH-485 trunk line. 


ee Device > |  Capabiiy 


DTAM 


oe 


| SLC 500 (fixed controller) initiator 

| SIE SA 

l SLC 5/02 initiator/responder 
| 


SLC 5/03 


JZ 


Table 17-3. Token-passing capabilities of PLC network devices. 
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token, it attempts to pass the token to its successor, which is a node 
that has the next highest node number. If the successor does not accept 
the token, the initiator attempts again to give the token to this suc- 
cessor. If the successor does not accept the token the second time, the 
initiator attempts to give the token to the next highest successor, and 
so on. A responder is a node that accepts the data sent to it. 

The DH-485 network is considered a peer-to-peer network because 
nodes are given an equal chance of initiating communications on the 
network. A peer-to-peer network has a distributed means of control 
as opposed to a master/slave network in which one node controls all 
communications originating from other nodes. The highest rate of data 
transmission on a DH-485 network is 19 kbps (kilobits per second). 


DH+ 


The DH+ network is a peer-to-peer network like DH-485. It also 
uses the token-passing media access method. It allows for up to 64 
nodes to be attached to a trunk line in a daisy-chain fashion or by 
drop cables. Drop cables connect to the trunk line with station connec- 
tors. Station connectors consist of T-connectors, plug connectors, and 
plug terminators. See Figure 17-16. Although these connectors look 
similar to the BNC connectors designed for Ethernet thinnet cable, 
they are not the same. They are designed for twinaxial cable such as 
the Belden 9463 cable used in the DH+ network and are configured 
differently on the trunk line than the BNC connectors on the trunk 
line of an Ethernet network. Look at Figure 17-17. Notice that only 
one jack connector end and the plug connector end of the T-connector 
connect to the trunk line and the other jack connector connects to the 
drop cable. 

The 1770-SC station connector can be used in place of T-connectors. 
It consists of an enclosure with a terminal strip inside and outlets for 
the wiring. See Figure 17-18. The total trunk line length when using 
T-connectors or the 1770-SC station cannot exceed 10,000 ft (3050 m). 
The drop cables should be between 10 ft (3.0 m) and 100 ft (30.5 m) in 
length. Refer to the Allen-Bradley product literature for details about 
wiring, termination, and grounding. 


T-connector Plug connector 
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Responder: 

A node that receives 
messages from other 
nodes. 


Peer-to-peer network: 
A network in which 
nodes are given 

an equal chance of 
initiating and controlling 
communications. 


Master/siave network: 
A network in which 
one node controls 

all communications 
originating from other 
nodes. 


Plug terminator 


Figure 17-16. DH+ PLC network T-connectors, plug connectors, and plug terminators. 
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Plug Trunk line 


terminator 


Jack connector 
end of 
T-connector 


Trunk line 


Plug connector 
end of 
T-connector 


Figure 17-17. DH+ PLC network trunk line. 


When connecting a DH+ network trunk line in a daisy-chain 
fashion, the Belden 9463 cable is connected from terminal block to ter- 
minal block or from connector to connector. See Figure 17-19. A resis- 
tor is connected across connections 1 and 3 at each end of the network. 
For the trunk line and daisy-chain configuration, the resistance value 
depends on the transmission rate of the network and total length of 
the trunk line. See the following table and refer to the Allen-Bradley 
literature for more details on configuring a DH+ PLC network. 


Trunk Line Transmission Terminating Resistor 
Length (max) Rate Value 
762 ft (2500 m) 230.4 kbps 82 Q, 1/2 watt 
1542 ft (2500 m) 115 kbps 150 Q, 1/2 watt 
3048 ft (2500 m) 57.6 kbps 150 Q, 1/2 watt 
Ethernet: 
A network type or Ethernet 


protocol that uses the 


Carrier Sense Multiple . : ; 
cae Cane Ethernet networks use the Carrier Sense Multiple Access with 


Detection (CSMA/CD) Collision Detection (CSMA/CD) network access method. There are 
network access method. many classifications of Ethernet. The classifications vary based on 
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Trunk line Trunk line 


Drop cable to 
node 


Figure 17-18. DH+ PLC network station connector and wiring. 


the cable type used, transmission speed, and topology. For example, 
10Base-2 specifies an Ethernet network that communicates at 10 Mbps 
over RG-58 (thinnet) cable arranged in a bus topology. The Allen- 
Bradley SLC 5/05 PLC is designed for 10Base-T. This classification 
specifies 10 Mbps communication over Category 5 twisted pair cable 
arranged in a star topology. Figure 17-20 shows a typical PLC Ether- 
net network. Notice that all nodes are connected to a hub. 

Cable length between the Ethernet port on a device and hub can- 
not exceed 328 ft (100 m). A straight-through cable is used between a 
device and a hub. If a device is networked directly to another device, 
such as a PC to an SLC 5/05 PLC, a crossover cable must be used. 

The SLC 5/05 uses the TCP/IP protocol for Ethernet communica- 
tions. TCP/IP is the default network protocol in PC operating systems. 
It was first designed for communicating over the Internet. When using 
the TCP/IP protocol for network communication, each node must be 
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Clear Clear 


Drain Drain 


Blue Blue 


Node Port Node Terminal Strip 


DH+ connector 
or terminal strip 


Terminating 
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weet ow 
Bel) 
Blue 


Figure 17-19. DH+ network daisy-chain wiring scheme. 


PC with a 
10/100 Base-T 
PCI network Hub 5/05 


Figure 17-20. Example of an Ethernet PLC network. 


assigned an IP address. There are two major types of IP addresses: 
IPv4 and IPv6. The SLC 5/05 uses IPv4 addresses. An IPv4 address 
consists of four sections (called octets when using binary notation) of 
numbers ranging from 0 to 255. Each section is separated from the 
other by a period. Figure 17-21 shows an IP address in decimal and 
binary notation. i l 
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SEES RL Re Se Ee A ETHEL PAE EIST ESR AO AMDT SEE LR te EPR SERRE ST SEE RESP DUE MR EE DERE ESO 


IO eeal/ 0.22 


Decimal Notation 


1100 Q000. 1000 0100.1010 1010.0001 0110 


Binary Notation 


Figure 17-21. IP address written in decimal and binary notation. 


Part of an IPv4 address represents the network address and the 
other part represents the node address. The number of sections that 
represent the network address and the node address are dependent 
on the class the IP address belongs to. IPv4 addresses are divided 
into three classes: Class A, Class B, and Class C. For example, the 
IP address 192.68.170.22 represents a Class C address. The network 
address is 192.68.170.0 and the node address is 22. The following table 
shows how each class is identified as well as its network address and 
node address. 


Class Range of Network Node 
First Octet Address Address 

Class A 1=127 X.0.0.0 0.X.X.X 
Class B IZS X.X.0.0 0.0.X.X 
Class C Wns, X.X.X.0 0.0.0.X 

When configuring a device on an Ethernet PLC network, you must 
also assign a subnet mask. A subnet mask is a four-octet number that 
enables the network software to identify the network address portion 
of an IP address. Each network class has a distinct subnet mask num- 
ber as shown in the following table: 

Class Subnet Mask 

Class A 255.0.0.0 
Class B 2955.255.0.0 
Class C 2592552550 

IP addresses can be assigned manually or dynamically to devices. 
When assigning IP addresses manually, the IP address, subnet mask, 
and gateway address is entered in the configuration for each device. 

A gateway address is the IP address of a device that serves as the 
gateway or bridge to another network. To use dynamic IP addressing 
in a PLC Ethernet network, a computer on the network must be set 
up as a BOOTP server. Other devices on the network are configured 
to request an IP address from the BOOTP server when they are pow- 
ered on. The BOOTP server sends an IP address, subnet mask, and 
gateway address to the requesting device. For detailed information 


Subnet mask: 

A four octet number that 
enables the network 
software to identify the 
network address portion 
of an IP address. 


Gateway address: 

The IP address of a 
device that serves as 
the gateway or bridge to 
another network. 
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about setting up and configuring an Ethernet PLC network, refer to 
Allen-Bradley literature. Table 17-4 summarizes the characteristics of 
the DH-485, DH+, and Ethernet PLC networks. 


417.6 DH-485 Network Software 


Once the physical components of the DH-485 network are in place, 
the RSLogix 500 software is used to set the node number of the PLCs 
on the network and configure the channel of each PLC for network 
communications. This RSLogix 500 software is run from a computer 
on the network. In this section, you will learn how to configure an 
SLC 500 PLC as a node on a DH-485 network. This section focuses 
only on setting the PLC node numbers and configuring Channel 1 


ccess ess Wit 
Method Detection (CSMA/CD) 


Twisted pair Coaxial twinax Twisted { pair 
(Belden 3106A (Belden 9463) (Catd or Cat5e) 
or Belden 9842) 


Numberof | 32 64 Unlimited 
Nodes l 
Topology I Bus Bus + Star 
(daisy-chain or (daisy-chain or 
trunk line drop) trunk line drop) 


Maximum Trunk line: Trunk line: 328 ft. (100 m) 
Network 4000 ft. (1219 m) 10,000 ft. (3048 m) 
Length 5000 ft. (1524 m) 

2500 ft. (762 m) 

Drop cables: 

100 ff. (30.48 m) 


Data Rate 19.2 kbps 57.6 kbps 10 Mbps 
l 15 or _ 100 Mbps 


Table 17-4. Summary of the DH-485, DH+, and Ethernet PLC networks. 
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of the SLC 500, 5/01, 5/02, and 5/03 processors, which are designed 
specifically for the DH-485 protocol. 


Node Configuration 


To change the node address of a PLC, you must only power on the 
PLC that you wish to configure. Node addresses are assigned through 
the Controller Properties dialog box of the RSLogix 500 software. Once 
you have assigned a new node address, you will need to power off and 
then power on the PLC. This is referred to as “cycling the power.” The 
current node assignments can be viewed from the Communications 
dialog box, which is accessed through Comms | Who Active Go Online. 
For a DH-485 network, the PC is set to 0 and the PLCs from 1 to 31. 
Example 17-1 demonstrates how to set a node address. 


e: In the following examples, the SLC 5/03 and SLC 500 
are named Master and Slave, respectively. Be aware, 


asters (initiators) and slaves (responders). 


Example 17-1 


In this example, you will assign a node number other than node 1 
to the PLC named Master as shown in Figure 17-22. Notice that PLC 
Slave and PLC Master are currently set to node 1 and that the PC is set to 


ree 


E~ era or 


RSI-PIC 
Node 0 


SLC 500 9/03 


i Slave Node 1 Master Node 1 


Figure 17-22. Simple DH-485 PLC network for Example 17-1. Note that the 
node number for PLC Master needs to be changed to node 2. 
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node 0. To change the node address of Master, power down PLC Slave. 
On the PC, open the RSLogix 500 software program. In the Project tree, 
double-click Controller Properties. The Controller Properties dialog box 
will display. See Figure 17-23. Select the Controller Communications 
tab, Figure 17-24, and change the Processor Node setting to 2. Click 
OK to save the information and exit the Controller Properties dialog 
box. Recycle the power to the Master PLC, and then power on PLC 
Slave. View the node assignments to verify the change has been made. 
Node assignments can be viewed by accessing Comms | Who Active 
Go Online. The Communications dialog box will display, showing all 
of the devices available on the network and their node assignments. In 
Figure 17-25, notice that all three nodes are present. 


| Conta tiller Pruperties 


EL D 


| : > x 
| 
| 
| 
| 


Controller Pinperiies: E 


NAB PICI 


f ¥AB_PIC-1 Node 1d local 


Figure 17-24. The node number is changed in the 
Controller Communications tab of the Controller 
Properties dialog box. 
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Figure 17-25. Communications dialog box. 


Channel Configuration 


After the node numbers are set, the channels must be configured 
for a driver and baud rate. This is accomplished through the Channel 
Configuration dialog box. The driver selected is the network protocol, 
DH-485, and the baud rate is 19.2 kbps. For the DH-485 network, the 
total number of nodes on the network can also be set. The DH-485 net- 
work allows for 32 nodes. However, if a lesser number of nodes exists 
on the network, the time it takes to circulate the token can be greatly 
decreased by setting this number to the actual number of nodes on 
the network. 

For SLC 5/03, 5/04, and 5/05 PLCs, the Token Hold Factor setting 
can also be set here. This setting determines the number of transac- 
tions a PLC can make once it has the token. Thus, if the setting is 1, 
the PLC can only make one transaction, such as send or request data, 
before passing the token to its successor. Setting this number higher 
may allow a PLC with the token to increase its throughput because it 
doesn’t have to wait for the token to recirculate, but it decreases the 
throughput of the other PLCs that also need the token. The default 
setting is 1. 

If you are configuring an SLC 5/03, you must also enter the diag- 
nostic file location. The diagnostic file stores channel status informa- 
tion and allows you to view this information through the Channel 
Status item in the project tree. Example 17-2 demonstrates how to con- 
figure the channel. 


Example 17-2 


In this example, you will change the configuration settings of PLC 
Master. First, power down PLC Slave and power on PLC Master. In the 
Project tree, double-click Channel Configuration. The General page of 
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the Channel Configuration dialog box will display. On this page, check 
that the DH-485 driver is selected in the Driver box. See Figure 17-26. 

Now, select the Chan. 1—System tab, Figure 17-27. Check that the 
DH-485 driver is selected in the Driver box and that 19200 is selected 
in the Baud box. Change the Max. Node Address to 2 and leave the 
Token Hold Factor set to 1. Click OK to save this information and exit 
the Channel Configuration dialog box. 


Service 
communications 
(SVC) instruction: 
An instruction that 
when activated, 
interrupts normal 
program operation to 
jump to and execute a 


communications routine, 


such as reading data 
from or writing data to 
another PLC on the 
network, 


In the next section, you will learn how to write a ladder logic pro- 
gram that allows for communications between networked PLCs and 
how to download a ladder logic program to a PLC. 


ĝi 17.7 SVC and MSG Instructions 


The service communications (SVC) and message read/write 
(MSG) instructions allow SLC 5/01, 5/02, 5/03, 5/04, and 5/05 PLCs to 
communicate with one another. The service communications (SVC) 
instruction, when activated, interrupts normal program operation to 
jump to and execute a communications routine, such as reading data 
from or writing data to another PLC on the network. 

Look at Figure 17-28. Notice that the SVC instruction box allows 
you to specify the communication channel to be serviced. To allow 


| Charmel Conhou aken 


Figure 17-26. Channel Configuration dialog box, General tab. 
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| Channel Configusatisn 


Figure 17-27. Channel Configuration dialog box, Chan. 1—System tab. 


SVE 
Service Communications 
Channel 0 No 

Channel 1 Yes 


Figure 17-28. Service communications (SVC) instruction box. 


for service communications over a Channel 0 or Channel 1, you must 
change the Channel 0 or Channel 1 setting to Yes. The communication 
channel used for the SLC 5/01 and 5/02 is not specified in the SVC 
instruction box because these PLCs only have one channel, Channel 1, 
which is designed for the DH-485 protocol. 

To ensure efficient operation of the network system, you should 
always use the SVC instruction when interrupting normal program 
operation to jump to and execute a communications routine. If you 
do not use the SVC instruction, the program will work; however, the 
network will run slower since network operating software will keep 
updating both communication channels instead of only the intended 
channel. 

The message read/write (MSG) instruction allows blocks of data 
to be written to or read from a memory location of a specified PLC. 


Message read/write 
(MSG) instruction: 

An instruction that allows 
blocks of data to be 
written to or read from 

a memory location of a 
specified PLC. 
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Figure 17-29 shows the MSG instruction box. The user configurable 
options are Read/write, Target device, Local/remote, Control block, 
and Control block Length. 

The settings available for the Read/write option are Read or Write 
and indicates the typé of MSG operation to be performed. The Target 
device option allows you to indicate the type of device the MSG 
instruction will read from or write to. The settings are 500CPU, 485CIF, 
and PLC-5. These settings indicate an SLC processor, PLC-2 emulator 
device, or a device that accepts PLC-5 commands, respectively. 

For the Local/remote option, there are only two settings: Local 
or Remote. Local indicates that the message will be sent to a PLC on 
the local area network. This means that the message will not cross 
through a bridge, gateway device, or modem to access another net- 
work. Remote indicates that the message will be sent to a network 
other than the one the PLC is sending the message on. 

The Control block option allows you to specify the integer 
file (N7) location where status information and other information 
about the source and target device related to that particular MSG 
instruction is stored. The Control block length indicates the number 
of integer file (N7) words or registers that will be used for the control 
block data. 

Example 17-3 demonstrates how to configure and use MSG 
instructions to read from and write data to a PLC on the network. In 
the following three examples, this ladder logic program is run from 
PLC Master. Example 17-4 demonstrates how to download the message 
program to PLC Master and the sequencer program to PLC Slave. The 
ladder logic diagram in Example 17-5 is a sequencer program designed 
to work in coordination with the message program in Example 17-3. 
It is run from PLC Slave. The coordinated operation of the message 
program and sequencer program is explained in Example 17-5. 


Example 17-3 


Look at the ladder logic diagram in Figure 17-30. Notice that the 
MSG instruction box in rung 0000 is set to perform a write operation 


MSG 
Read/write message 

Type Peer-to-peer 
Read/write Write 
Target device 500 CPU 
Local/remote Local 
Control block N7:0 
Control block length 14 
Setup screen < 


Figure 17-29. Message read/write (MSG) instruction box. 
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0000 H 


MSG 
Read/write message EN 
Type Peer-to-peer 
Read/write Write f DN ase 
Target device 500 CPU 
Local/remote Local ER )— 
Control block N7:0 


Control block length 14 
Setup screen 


0001 


MSG 
Read/write message 

Type Peer o COS poem 
Read/write Read 
Target device 500 CPU 
Local/remote Local 
Control block US 
Control block length 14 
Setup Screen 


Service communications 
Channel 0 No 
Channel 1 Yes 


0003 End 


Figure 17-30. PLC ladder diagram for Example 17-3 and Example 17-5. 


and that the target device it will write to is an SLC processor, as indi- 
cated by the 500CPU Write setting. The Local/remote option is set for 
local because communications will occur within a local area network 
PLC. The Control block option is set to N7:0 and the Control block 
length option is set to 14. This means that this MSG instruction will 
use fourteen, two-byte (16-bit) control words: N7:0 to N7:13. Addi- 
tional Control block options are configured in the MSG dialog box, 
Figure 17-31. The MSG dialog box is accessed by pressing [Enter] after 
typing in the Control block length value. 
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|. MSG - NFO- (14 Elements} 


Figure 17-31. MSG dialog box for the MSG instruction box in rung 0000 of 
PLC ladder diagram. 


The This Controller section of the MSG dialog box displays infor- 
mation about the PLC that will be writing data to or reading data 
from the target device. In this ladder logic diagram, “This Controller,” 
refers to PLC Master since the ladder logic program is downloaded to 
and run on this PLC. The This Controller section shows that the data 
to be written to the target is located in integer file address N7:30 and 
that it spans from N7:30 to N7:34 as indicated by the Size in Elements 
value, which is 5. It also shows that communications will occur on 
Channel 1. 

The Target Device section shows the timeout value in seconds. 
In Figure 17-31, it is set to 5. This means PLC Master is set to wait 5 
seconds to get a receive response from the target PLC. The Data Table 
Address option indicates the location of where the data is to be writ- 
ten. In this example, it is to be written to integer file location N7:0. 
Notice that the node address of the target PLC is indicated as well as 
if the target PLC is local or remote. 

The Control Bits section shows the current program status. These 
bits are set by the ladder logic program. You should open this dialog 
box when the PLCs are in run/monitor mode to observe how the bits 
are updated. Notice that the Continuous Run (CO) bit is set to one. This 
indicates that the MSG instruction is executed for every PLC scan cycle. 
The only control bits that can be changed manually if needed are Ignore 
if timed out (TO), Continuous Run (CO), and Message Enabled (EN). 

Look again at the ladder logic diagram in Figure 17-30. Notice that 
the MSG instruction box in rung 0001 is set for a read operation. In 
rung 0002, the SVC instruction is activated when the red pushbutton 
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(1:1/2) is pressed. When the SVC instruction is activated, communica- 
tions on Channel 1 open. The Control block data is stored at integer 
file address N7:15 and spans from N7:15 to N7:29 as indicated by the 
Control block length value, 14. 

The MSG dialog box for the MSG instruction in rung 0001 is 
shown in Figure 17-32. Notice that the Communication Command in 
the This Controller section is set for 500CPU Read. This means that the 
PLC that is running this ladder diagram program, PLC Master, will be 
reading from an SLC PLC. The location of where the read data will be 
stored is indicated by the Data Table Address setting. In this example, 
the location is B3:0 and spans from B3:0 to B3:5 as indicated by the 
Size in Elements setting, 6. The Target Device section shows that the 
data to be read is located at B3:0 on the target device. The target device 
is set to node address 1 and is on the local area network. 


Example 17-4 


In this example, PLC Master and PLC Slave are placed online 
and ladder logic programs are downloaded to them. To place PLC 
Master online, access Comms | Who Active Go Online as shown in 
Figure 17-33. The Communications dialog box will display. See 
Figure 17-25. Select PLC Master and place it online with the PC by 
clicking the Online button. 

Now, the message program can be downloaded to the PLC Mas- 
ter. To download this program to PLC Master, open the ladder logic 


|= MSG - M715 (14 Elements) 


Figure 17-32. MSG dialog box for the MSG instruction box in rung 0001 of 
_ PLC ladder diagram. 
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4° RSLogix 500 - MASTER-SLOSO3 


Who Active Go Online 


Forc 


MASTUN Mie 


S-E Controler 
ʻi Controler F! 

-a A Prnrecenr Static 
Figure 17-33. Place PLC Master online by accessing 
Comms | Who Active Go Online. 


diagram shown in Figure 17-30 and click the Download command from 
the Comms menu. Repeat the previous steps to download the sequencer 
program (ladder logic diagram) in Figure 17-34 to PLC Slave. 


Example 17-5 


In the previous example, the sequencer program in Figure 17-34 
has been downloaded to PLC Slave. This program contains two 
sequencer output (SQO) instructions and one retentive timer on (RTO) 
instruction. The sequencer program is used to control output devices 
on PLC Slave. The retentive timer on done (T4:0/DN) contacts in rungs 
0004 and 0005 are used to forward the sequencers to the next step. 

Each sequencer has six steps. This is indicated in the Length field. 
The sequencer in rung 0005 is called the event-control sequencer. The 
event-control sequencer steps are used for turning output ports on and 
off. The sequencer in rung 0004 is called the timer-control sequencer. The 
timer-control sequencer regulates the delay times between the steps. 
This sequencer transfers time delay numbers to the timer zero preset 
register (T4:0.PRE). The timer zero done contact (T4:0/DN) in rung 
0003 is used to reset the retentive timer on zero (T4:0). As previously 
stated, this contact is also used to control the sequencer steps. 

Figure 17-30 displays the message ladder logic diagram for PLC 
Master. When rung 0000 is activated, the MSG write instruction sends 
six delay time numbers from the PLC Master register addresses N7:30 
through N7:34 to the PLC Slave register addresses N7:0 through N7:4. 
These registers are defined in the MSG dialog box when this ladder 
logic diagram was created and are used by the SEQ instruction in 
rung 0004 of the sequencer program. 

Note that fourteen addresses N7:0 through N7:13 in the master 
PLC are used as control registers for the MSG instruction. These reg- 
isters are defined in the Control block and Control block length fields 
of the MSG instruction box in rung 0000. 
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re -o e eG :0 
4 L 
1747-L20C/F 0 


Red PB 
I:0 


0001 R6:0 B3 
1747-L20C/F 2 
node ‘Black_SW 
TO B3:0 RTO 
p- Retentive timer ON EN 
0 0 Timer T4:0 
1747-L20C/F Time base 0.01 
Preset 50< 
Accum 0< 
0003 
0004 
———_— Sequencer output EN 
0 File #N7:0 
1747-L20C/F Mask OFFFFh 
Dest T4:0.PRE 
Control R6:0 
Length 6< 
Position 6< 
0005 20 T4:0 SQO 
mæ Sequencer output EN 
File #B3:0 


Mask OFFFFh 
Dest 0:0.0 
Control R6:1 
Length 6< 
Position 6< 


0006 aaa 


Figure 17-34. PLC ladder diagram for Example 17-4. 


1747-L20C/F 


When rung 0001 is activated in the message ladder logic diagram 
in Figure 17-30, the output device control bit registers in PLC Slave 
(B3:0 through B3:5) are read by the message (MSG) instruction. These 
registers were defined in the MSG read instruction box in rung 0001. 
The content of these registers is copied to PLC Master registers B3:0 to 
B3:5. Registers N7:15 through N7:29 in PLC Master are used to control 
this message read instruction. These registers are defined in the MSG 
dialog box in rung 0001 in the Control block and Control block length 


fields. 
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Rung 0002 of the message ladder logic diagram in Figure 17-30 con- 


tains a service communications (SVC) instruction. Note that only one 
communication channel (Channel 1) is used. This channel is available 
through the DH-485 port on PLC Master, which is an Allen-Bradley 


SLE 


5/03 PLC. Channel 0 could also have been used, which has an 


RS-232 interface. However, Channel 0 is typically used to connect 
peripheral devices such as barcode scanners and network printers. 


“SY 


mmary 


A PLC network allows PLCs to work together to accomplish a 
common goal. 

Three major types of transmission media are coaxial cable, 
twisted pair cable, and fiber-optic cable. 

Common network topologies are bus, star, tree, ring, and hybrid. 
The two most common types of network access control used 

in PLC networks are token-passing and Carrier Sense Multiple 
Access with Collision Detection (CSMA/CD). 

The DH-485 and DH+ PLC networks use the token-passing 
method of media access control. 

The Ethernet PLC network uses the Carrier Sense Multiple 
Access with Collision Detection (CSMA/CD) of media access 
control. 

The PLC networks typically used with Allen-Bradley SLC PLCs 
are DH-485, DH+, and Ethernet. 

The DH-485 PLC network can support up to 32 devices, which 
are configured in a bus topology. 

In a DH-485 PLC network, isolated link couplers and Belden 
3106A or Belden 9842 cable form the trunk line. 


The DH+ PLC network can support up to 64 devices, which are 
configured in a bus topology. 


The trunk line of a DH+ PLC network can be configured in a 
daisy-chain or drop cable fashion. 


When a DH+ PLC network trunk line is configured with drop 
cables, station connectors are used to connect the segments of 
the trunk line and to connect the drop cables to the trunk line. 


The nodes of a DH-485 and DH+ network are assigned node 
numbers. 


A typical Ethernet PLC network uses Category 5 cable. 

The nodes of a typical Ethernet PLC are configured in a star 
topology. 

The nodes of an Ethernet PLC network are assigned IP numbers. 


È 
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e After physically configuring a PLC network, the nodes must be 
assigned node numbers or IP numbers. 


e Once nodes are assigned node numbers or IP addresses, 
the channels of each PLC must be configured for network 
communication. 


The service communications (SVC) instruction allows a network 
communications operation to be executed. 


The message read/write (MSG) instruction transfers blocks of 
data to or from the memory location of another PLC. 


Review Questions 


. Name the common devices of a PLC network? 

. What is a network protocol? 

. Name the three major types of transmission media. 

. Name five types of network topologies. 

. Name two types of media access protocols used in PLC networks. 

. What PLC network type can Channel 1 of an Allen-Bradley SLC 

500, 5/01, 5/02, and 5/03 interface to? 

7. What PLC network type can Channel 1 of an Allen-Bradley SLC 
5/04 interface to? 

8. What PLC network type can Channel 1 of an Allen-Bradley SLC 
5/05 interface to? 

9. After the physical components of a DH-485 PLC network are 

in place, what are two software configurations that need to be 

made before the PLC can communicate on the network? 


~A oF WON FR 


10. Name two instructions used in ladder logic diagrams for 
network communications. 


Complete each of the following by placing the correct word or phrase in the 
blank space. 


11. The cable through which data and control signals flow on a 
network is known as 


12. A cable consisting of copper core conductor, surrounded by an 


insulator, a shield, and an insulating jacket is called cable. 
13. A type of coaxial cable that has two copper conductors is called 
cable. 
14. A cable consisting of a glass or plastic conductor is called 
cable. 


15. The purpose of twisting pairs of conductor in twisted pair cable 
is to eliminate 

16. The physical arrangement of devices on a network is called 
a(n) 
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17. 
18. 
1m 


20. 


pale 


PPA 


23! 


24. 
25, 
26. 
27. 


28: 


29) 


30. 


The topology uses a hub. 

The__ topology consists of a single trunk line. 

A(n) is a small packet of data that is passed from node to 
node in a token-passing based network. 

DH-485 and DH+ PLC networks use the ____ net work access 
control method. 

Ethernet PLC networks use the network access control 
method. 

A maximum of devices can be attached to the trunk line 
of a DH-485 network. 

A maximum of devices can be attached to the trunk line 
of a DH+ network. 

The PLC network uses Belden 3106A or Belden 9842 cable. 
The PLC network uses Belden 9463 cable. 

The Ethernet PLC network typically uses cable. 

A unique number assigned to a PLC on a DH-485 or DH+ 
network is called a(n) address. 


A unique number assigned to a PLC on an Ethernet network is 
called a(n) address. 

The instruction is used to transfer blocks of data to or 
from a memory location of another PLC. 


The instruction is used to break from the normal 
program routine to run a network. 


Using the service communications (SVC) and message read/write (MSG) 
instructions, draw the PLC ladder logic diagram for the following problems. 


Sip 
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Create a ladder logic diagram for a master PLC that controls the 
preset values of two timers in a slave PLC. Timers in the slave 
PLC ladder logic diagram are used to control the flashing rate of 
a pilot light. 

Create a ladder logic diagram that will read data from an 
accumulated register of a timer in a slave PLC connected to 
node 1. Data is then transferred to an integer register in the slave 
PLC connected to node 2. 


i tiii eee 
dae Be TG 


EL a 


Units Conversion Factors and Tables for 
the International System of Units and 
English Units 


Units Conversion Factors and Tables for the International System of Units and English Units. 
(Unless otherwise specified, the units oz and lb in the following table are units of force) 


SI units 


IT m= 39.370 in 
i 3.2808 ft 
m meter 10° mm 1.0936 yd 


km kilometer 
cm centimeter 
mm millimeter 
um micrometer 
nm nanometer 
[A angstrom 


MESSA 
iit “Zin = 0.3048 
hyd = 3 fl=0:9144 im 


| 1 mil = 10° in = 0.0254 mm 


SI units Imr = 1550/0)In- 
10.764 ft? 


| 1 mi (statute mile) = 1609.344 m 


m? square meter - 
cm? square centimeter | 1 in? = 645.16 mm? = 6.4516 cm? 
mm? square millimeter | 1 in? = 6.9444 x 10° ft? 

1 ft? 144 in? 


Tm? = 6.1024x10tin? | 
35.315 ft 


SI units 


Volume 


mê cubic meter 
dm* cubic decimeter 


1 cm = 6.1024 10? in? 


| liter (= dmô) x r 
cm cubic centimeter | 1 in’ = 16.387 cm 
1 f = 1728 inè = 2.8317 x 102 mê 


mm? cubic millimeter 


| 1 m/s = 39.370 in/s 
3.2808 ft/s 


1 m/s = 10° mm/s 
3.6 km/h 


2.54 x 102 m/s = 25.4 mm/s 
1.6093 km/h 


SI units 


Linear 
Velocity 


m/s meter per second 
| mm/s millimeter per 
second 

kilometer per hour 


] in/s 
1 mph 


km/h 
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Linear SI unit 1 m/s2 = 39.370 in/s? 
Acceleration 3.2808 ft/s? 
m/s? meter per square second i 


Lin/s* =2.54 1G ays 


Plane Angle SI units Trad =57.296° = (360/2n)° 


rad radian = 60’ 
angular degree 3600” 
revolution 1.7453 x 102 rad 
angular minute 277 fox 1071 
angular second 
= 360° 
6.2832 rad = (2m) radi 


Angular SI units Imadys = 0.1591Sips 
Velocity 
rad/s radian per second = IO kom 
r/s (rps) revolutions per second 1.6667 x 10° rps 
r/min (rom) revolutions per minute 62s 
| eis angular degree per second 0.10472 rad/s 
lips = 68 toma 
360° 
6.2832 rad/s 
SI units | 1kg = 10°g 
35.274 oz (mass) 
kg kilogram 2.2046 |b (mass) 
g gram 6.8522 x 10°? slug 


1 oz (mass) = 28.3495 g 


1 lb (mass) = 16 oz (mass) 
0.45359 kg 
1 slug = 14.5939 kg 
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SI units : TN = 0.10197 kp 
0.22481 Ib 

N newton 3.5969 oz 

kp kilopound 

kof (= kp) kilogram force 1 kp = 9.80665 N 
2.2046 Ib 
35.274 oz 


1 oz = 0.27801 N 
2.83495 x 10% kp 


lb = 160z 
4.4482 N 
0.45359 kp 


] poundal = 0.138255 N 


Pressure SI units f 1 N/m? = 1.0197 x 10° kp/cm? 
N/m? newton per square meter Iar = ikoen 
i kp/cm? kilopound per square 9.80665 x 104 N/m? 
centimeter 14.223 Ib/in? 
at (= kp/cm?2) technical 
atmosphere Leim = 101825 leo N/m 
atm normal (physical) atmosphere 14.696 Ib/in? 
Torque SI units 1 Nem = 0.10197 kom 
0.73756 Ib ft 
| Nem newton meter 8.85075 Ib in 
kom kilopound meter 141.612 ozim 


1 kom = 9.80665 Nem 
1.3887 x 10° oz in 


| Lozin = 7.0615 x 103 Nem 
| Vib ft = 192 ozin 
1.3558 Nem 


0.13825 kom 
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SI units E kgm? = 10’gcm? 
8.85075 Ib in s? 
| kg m? kilogram square meter 141.612 oz in $? 


Moment of 
Inertia 


JEM gram square meter ~ 
| l 1 oz in s2 = 6.25 x 107 Ib in s? 
7.06155 x 10° kg m? 


Energy SI units Id = 1Nem 
(Work) 1 Ws 
joule 0.10197 kom 
newton meter 2.7778 x 107 kWh 
watt second 2.38846 x 10% kcal 
kilopound meter | 9.4781 x 10% Btu 
kilowatt hour _ = 
kilocalorie ikecl— 10° cal 
calorie ' 4186.8 J 
1.1630 x 10° kWh 
3.9683 Btu 


Taw 3.6 x 1074 
859.8450 kcal 
3.4121 x 10° Btu 


| 1Btu = 1055.06 J 
2.9307 x 10% kWh 
0.251997 kcal 


| 1W = 103KW 
1 J/s 


Sl units 


W watt 0.10197 kpm/s 

kW kilowatt 0.73756 Ib ft/s 

J/s joule per second 1.3596 x 10° hp (metric) 

kpm/s kilopound meter 1.3410 x 10° hp (British) 
per second 

hp horsepower (metric) 1 hp (British) = 550 Ib ft/s 


745.7 W 
1.0139 hp (metric) 


| 1 hp (metric) = 75 kom/s 
735.5 W 
0.98632 hp (British) 
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Output expressed as product of 
Power of torque and angular 


Motor velocity = 0.10472Tn (W; Nem, rom) 


(speed of rotation) 


Temperature 


| 

| eg temperature degree (ew hia 32 of 

| Ae: degree Celsius -u 
(centigrade) me ! 

| °F degree Fahrenheit oen Ta | 

| Kelvin 


Ko = GrZ 


Magnetic | j = ] Vs 


Flux 108 Mx 
weber 10° kilolines 
volt second 108 lines 
maxwell (CGS unit) 
ILME = 
Magnetic SI units IT = 1] WB/m? 
Flux 104 G 
Density I tesla 104 lines/cm? 
G gauss (CGS unit) 6.4516 x 104 lines/in? 


| 1 line/in? = 0.1550 G 
| 1.550 x 105T 


Magnetic SI units 1 A/m = IO Aven 
Field 1.2566 x 102 Oe 
Intensity | A/m ampere per meter 
Oe oersted (CGS unit) = 79,577 A/m 


i 2.0213 A-turn/in 


| 1 A-turn/in = 39.370 A/m 
0.49474 Oe 


i 
f 
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l Nem/A = 0.10197 kom/A 
141.612 ozin/A 


Derived 
Motor 
Constants 


Torque 
Constant 


l kpm/A = 9.80665 Nem/A 
1.3887 x 10° oz in/A 


lozin/A = 7.06155 x 10% Nem/A 
7.2008 x 10% kom/A 


1V/krom = 9.5493 x 10° V/rad s`! 
1 V/rad s! = 104.72 V/krom 


1 Nem/rads! = 141,612 oz in/rad s`? 
104.72 Nem/krom 


Voltage 
Constant 


Damping 
Constant 


l Nem/krom = 141.612 oz in/krpom 
9.5493 x 10° Nem/rad s” 

| 1ozin/rad s? = 7.0615 x 10° Nem/rad s” 

104.72 oz in/krom 


Viscous 
Damping 
Factor 


Speed Regulation 
| Constant 


= 7.0615 x 103 Nem/krom 
9.5493 x 10° ozin/rad s! | 


1 oz in/krom 


l rom/ozin = 0.14161 krom/ Nem 
1 krom/Nem = 7.0615 rom/oz in 
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Natural Trigonometric Functions 


q 


0175 
.0349 
0523 
0698 


0872 
1045 
121 
.1392 
1564 
1736 


1908 
.2079 
2250 
2419 
2588 


2756 
2924 
3090 
3256 
3420 


3584 
3746 
3907 
4067 
4226 


4384 
4540 
4695 
4848 
.5000 


9150 
5299 
0446 
0992 
5736 


5878 
6018 
6157 
6293 
6428 


656] 
6691 
.6820 
6947 
7071 


Natural Trigonometric Functions 


9998 
9994 
9986 
9976 


9962 
9945 
9925 
9903 
9877 
9848 


9816 
9781 
9744 
9703 
9659 


9613 
9563 
9511 
9455 
9397 


9336 
9272 
9205 
9135 
9063 


8988 
.8910 
8829 
8746 
.8660 


8572 
8480 
8387 
8290 
8192 


8090 
7986 
./880 
HHT 
.7660 


7547 
7431 
7314 
S 
.7071 


0175 
0349 
0524 
0699 


0875 
1051 
1228 
1405 
1584 
1763 


1944 
226 
.2309 
.2493 
.2679 


.2867 
.3057 
3249 
3443 
.3640 


3839 
4040 
A245 
A452 
4663 


4877 
9095 
Sold 
5543 
5/74 


6009 
6249 
6494 
6745 
./002 


7265 
7536 
7813 
8098 
839] 


8693 
9004 
9325 
9657 
1,0000 


46° 7193 6947 1.0355 
47° 7314 ,6820 1.0724 
48° .7431 ,6691 1.1106 
49° 7547 6561 1.1504 
50° .7660 6428 1.1918 
51° TIU .6293 1.2349 
52° .7880 .6157 1.2799 
53° .7986 .6018 1.3270 
54° .8090 5878 1.3764 
55° 8192 5736 1.4281 
56° 8290 5592 1.4826 
57° 8387 5446 1.5399 
58° 8480 5299. 1.6003 
59° 8572 5150 1.6643 
60° 8660 5000 1.7321 
61° 8746 4848 1.8040 
62° 8829 4695 1.8807 
63° .8910 A540 1.9626 
64° 8988 4384 2.0503 
65° 9063 4226 2.1445 
66° 9135 4067 2.2460 
67° 9205 3907 2,3559 
68° .9272 3746 2.475) 
69° 9336 3584 2.6051 
70° 9397 3420 2.7475 
71° 9455 3256 2.9042 
72° 9511 3090 3.0777 
73° 9563 2924 3.2709 
74° 9613 2756 3.4874 
75° 9659 2588 3.7321 
76° 9703 2419 4.0108 
77° 9744 2250 4.3315 
78° 978) 2079 4.7046 
79° 9816 1908 5.1446 
80° 9848 1736 5.6713 
81° 9877 1564 6.3138 
82° 9903 1392 7.1154 
83° 9925 1219 8.1443 
84° 9945 1045 9.5144 

85° .9962 .0872 11.4301 

\ 

86° 9976 0698 14,3006 
87° 9986 0523 19.0811 
8° 9994 0349 28.6363 


8 
89° 9998 0175 57.2900; 
90° 1,0000 .0000 oo | 351 
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Appendix C 


LET PEE ii Mi gilt & 4 


Number Systems and Codes 


0000 0000 0000 
| 0001 0001 0001 1 
2 0010 0010 0011 2 2 
3 0011 0011 0010 3 3 
4 0100 0100 | 110 4 4 
5 0101 0101 0111 5 5 
6 0110 0110 | 101 6 6 
7 0111 0111 0100 7 7 
8 1000 1000 1100 10 8 
9 1001 1001 1101 11 9 
10 1010 0001 0000 1111 | 12 A 
11 1011 0001 0001 1110 13 B 
12 | 1100 f 00010010 1010 14 C 
13 1101 0001 0011 1011 15 D 
14 1110 0001 0100 1001 16 E 
15 | m1 00010101 | T000 17 F 
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Glossary 


A 


A 


Accumulated register: Register that holds the 
timer or counter accumulated value. 


Add (ADD) instruction: Instruction that 
calculates the sum of Source A and Source B. 


Address bus: A group of conductors or 
pathways that help the CPU find the physical 
locations of memory. 


Address decoder: A circuit that will enable 
only one support chip at a time. This allows the 
microprocessor to use the data bus to transfer 
data. This takes place to and from the enabled 
chip that the support chip connects to the data 
bus. 


American Standard Code for Information 
Interchange (ASCII): Code that uses seven bits 
to represent alphabets, numbers, characters, 
and contro! words. 

Analog-to-digital converter (ADC): A chip that 
converts a variable, or analog, electrical signal 
(i.e., voltage or current) to a binary value. 


AND gate: Gate that only generates a logic high 
output when all inputs are logic high. 

Arithmetic logic unit (ALU): The internal part of 
a microprocessor that carries out the arithmetic 
and logic instructions and generates the result. 


B 
Base: The number that determines the weight 

of digits in a given number system. Also called a 
radix. 

Basic input/output system (BIOS): Holds 
software called power-on self-test (POST). When 
a PLC is energized, POST software initializes the 
PLC system and checks the input/output support 
devices. The software in the BIOS also serves 
as a communication interface between PLC 
hardware and the PLC program. 


Battery low light: Light that turns on to signal 
the presence of a low-power battery on the PLC 
motherboard. 

Baud (Bd) rate: A unit for measuring the speed 
of serial communication transmission. Baud rate 
measures the bits per second (bps) that are sent 
or received. 

Binary coded decimal (BCD) system: Number 
system that uses binary numbers to represent 
decimal digits. 

Binary number system: Number system that 
has a base of two. 

Bit (B3 & B10): File used for internal control 
relay contacts. 

Bit address: Parameter in the BSL and BSR 
instructions that indicate the starting bit position. 
Bit shift left (BSL) instruction: Instruction that 
shifts the bits in the data file to the left once for 
every low-to-high transition on its input. 

Bit shift right (BSR) instruction: Instruction 
that shifts the bits in the data file to the right once 
for every low-to-high transition on its input. 
Block format: Format that uses a box shape to 
display the timer instruction. 

Boolean algebra: Form of mathematics that 
uses two conditions or states: true and false. 
Boolean expression: Names for equations in 
Boolean algebra. 

Borrow bit: Bit in a subtraction operation that is 
required when the subtrahend (bottom number) 
digit is larger than the minuend (top number) 
digit. 

Bus: A pathway on a circuit board on which 
information can flow from component to 
component. 

Bus topology: A network topology that has a 
single trunk line to which network devices, or 
nodes, are connected. 
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C 


Cache: The section of RAM that holds the last 
256 kilobytes (kB) or 512 kB of data transferred 
to and from the microprocessor. 


Capacitive sensor: Sensor that detects an 
object through the change in the sensor’s 
dielectric. 


Carrier Sense Multiple Access with Collision 
Detection (CSMA/CD): A network access 
method in which a node that wishes to transmit 
data “listens” to the activity on the network media 
and transmits data when there is no activity. If 
another node transmits data at the same time, 

a collision occurs. The nodes will wait a random 
amount of time before retransmitting. 


Carry bit: Bit in an addition operation that is 
generated when the sum of two digits is larger 
than the base. 


Cascading: Arrangement of instructions in a 
ladder diagram that increases the number of 
counts or steps the instruction can achieve. 


Central processing unit (CPU): includes the 
microprocessor, memory, and support chip in a 
PLC system. 


Channel one: Channel used to connect the 
PLC to the PC or to other PLCs. It has an RJ-45 
connection port. 


Channel zero: Channel used to connect the 
PLC to peripheral devices such as a barcode 
reader. It has an RS 232C connection port. 


Chassis: A rack that serves as an electrical 
backplane for a PLC processor and I/O modules. 


CiSC-based microprocessor: A 
microprocessor that uses several math 
instructions to carry out complex commands. 


Coaxial cable: A type of cable that consists of a 
copper core conductor that is surrounded by an 
insulator, a shield, and an insulating jacket. 


Coil format: Format that uses coils to display 
the timer instruction. 


Combinational logic gates: Logic devices in 
which the output of the device is dependent only 
on the present inputs to the device. There is no 
dependency on past inputs. Combinational logic 
gates do not require clock pulses to operate. 


Compare instructions: PLC instructions used 
to compare numerical values. 


Contact: Device that opens and closes 
corresponding to the state of its associated relay 
coil. A normally open contact is closed when its 
relay coil is energized. A normally closed contact 


. is opened when its relay coil is energized. 


Continuous run mode: Mode in which an 
electric motor starts when a start pushbutton 
is pressed and runs continuously until a stop 
pushbutton is pressed. 


Control (R6): File that holds the contents of the 
control registers. 


Control network: A type of network that 
coordinates the operation of control devices and 
interfaces to typical PLC devices, such as motor 
drives and other devices on the plant floor. 


Control register (R6): Holds status flag bits. 


Control unit: Part of a microprocessor that 
coordinates and controls all activities within the 
microprocessor. 


Count bit: Bit that is enabled every time the 
counter counts up for count up instructions or 
down for count down instructions. 

Count down: Instruction where the accumulated 
register decrements whenever there is a change 
in the counter input. 

Count up: Instruction where the accumulated 
register increments whenever there is a change 
in the counter input. 

Counters (C5): File used for the counter 
instructions. 


CPU fault light: Light that turns on when the 
PLC ladder logic diagram has an error. 
Crosstalk: The effect of an electrical signal 


from one conductor interfering with the electrical 
signal of an adjacent conductor. 


D 

Data bus: A group conductors or pathways used 
to transfer data to and from support devices. 
Data cache: An area of memory ina 
microprocessor that temporarily holds incoming 
data. 

Data communication equipment (DCE): 
Respond to the messages transmitted by the DTE. 
Data file four (T4): File that holds the timer 
registers. 

Data Table Access Module (DTAM): A device 
that allows quick access to a PLC’s data files 


for the purpose of monitoring, modifying, and 
troubleshooting program operation. 


Data terminal equipment (DTE): Initiate 
communication by sending messages. 


Decimal number system: Number system that 
has a base of ten (10). 


Decode unit: Part of a microprocessor that 
translates instructions into a format that the 
microprocessor can understand. 


Digital-to-analog converter (DAC): A chip that 
converts binary data to a variable, or analog, 
electrical signal (i.e., voltage or current). 


Discrete input devices: Switches or 
pushbuttons that either block or allow the flow of 
electric current. 


Discrete input ports: Ports on a PLC input 
module that can receive fixed signals (on or off). 


Discrete output ports: Ports on a PLC output 
module that are either energized (on) or de- 
energized (off). 

Divide (DIV) instruction: Instruction that 
calculates the quotient that results from dividing 
Source A by Source B. 


Dividend: Number in a division operation from 
which the divisor can be subtracted repeatedly. 


Divisor: Number in a division operation that can 
be subtracted from the dividend repeatedly. 


Done bit (DN): Bit that is set when the 
instruction has completed its task, such as 
reaching its preset value or length value. 


Double-input counter: Counter that uses one 
input to enable the counter and another input to 
count the number of pulse signals. 
Double-input timer: Timer that uses one input 
to enable and another input to run. 

Dynamic RAM (DRAM): Holds binary data in 
the form of charged capacitors. DRAM must be 
written to (refreshed) every few microseconds. 


E 

Electrically erasable programmable ROM 
(EEPROM): Programmed by injecting high 
voltage levels (e.g., +12 V), and erased by 
injecting another high voltage level (e.g., -12 V). 
Electrostatic ultrasonic sensor: A sensor that 
uses capacitive effects where a short sound 
wave is transmitted to hit an object. 
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Enable bit (EN): Bit that is set when the path of 
a rung is complete (all inputs are in the closed 
State). 


Enable force: Command that enables the force 
conditions of the input/output instructions. 


Equal to (EQU): Instruction that lets current 
pass through when Source A is equal to 
Source B. 


Erasable programmable ROM (EPROM): A 
type of memory that is programmed by injecting 
a higher than normal voltage level (e.g., 12.5 V or 
25 V). An EPROM program is erased when it is 
placed under ultraviolet light for fifteen minutes. 


Ethernet: A network type or protocol that uses 
the Carrier Sense Multiple Access Collision 
Detection (CSMA/CD) network access method. 


Extended Binary Coded Decimal Interchange 
Code (EBCDIC): Often called Extended 

ASCII, a code that uses eight bits to represent 
alphabets, numbers, characters, and control 
words. 


F 


False state: State represented in digital 
electronics with a number zero. 


Fiber-optic cable: A type of cable designed 

to transmit pulses of light rather than electrical 
current. It has a tiny diameter (in the micrometer 
range) center conductor made of glass or plastic. 
The conductor is surrounded by cladding, which 
keeps the light from escaping its boundaries. 

A buffer surrounds the cladding and gives the 
cable strength. 

Firmware: The software that resides in ROM. 
First-in-first-out (FIFO): A method of moving 
data to and from a stack in which the first item 
placed in the stack is the first item retrieved from 
the stack. 

Fixed PLC: A single enclosure that holds the 
CPU, input port, and output port modules. 

Fixed timer: Timer that has a fixed preset value. 
Flip-flop: Sequential digital device that 
generates a different output for every input on 
the next clock pulse. Usually four transistors are 
used to build one flip-flop. 

Float switch: Switch used to open and close 
contacts in response to changes in liquid level. 
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Flow switch: Switch that opens or closes for a 
preset flow rate of liquid or gas through a pipe. 


Foot switch: Foot-operated switch placed in 
factory environments in which workers are using 
both hands. 


Forced condition: Condition used to turn PLC 
input/output ports on and off. 


Forced I/O light: Light that turns on when the 
PLC is placed in the forced mode. 


Found bit (FD): Bit for a sequencer compare 
instruction that is enabled when the data on 
the input port matches the data stored in the 
sequencer data file. 


Fraction numbers: Numbers that have weights 
with negative powers. 


Full duplex: Channeling system that uses two 
lines. Data can be transmitted on one line and 
received on the other simultaneously. 


Full-wave rectifier: A circuit that converts 
AC (alternating current) voltage to DC (direct 
current). 


G 


Gate symbols: Symbols used to display logic 
gate devices. 


Gateway address: The IP address of a device 
that serves as the gateway or bridge to another 
network. 


Gray code system: Number system similar to 
binary, but bits are changed only one at a time. 


Greater than (GRT): Instruction that lets current 
pass through when Source A is greater than 
Source B. 


Greater than or equal to (GEQ): Instruction 
that lets current pass through when Source A is 
greater than or equal to Source B. 


H 


Half duplex: Channeling system in which the 
data is transmitted and received on one line, but 
not simultaneously. 

Hall effect sensor: Semiconductor device 
(transistor) that can be switched by magnetic 
fields. 


Hexadecimal number system (hex): Number 
system that has a base of 16. 


Hybrid topology: A network topology consisting 
of two or more different topologies connected 
together. 


Immediate input with mask (IIM): An 
instruction placed in the middle of a program that 
enables the critical input port to be read twice 
within a six millisecond period. 


Immediate output with mask (IOM): An 
instruction placed in the middle of a program that 
enables the critical output port to be read twice 
within a six millisecond period. 


Impedance: The overall resistance a wire 
experiences when alternating current (AC) flows 
through it. 


Inductive sensor: Sensor that detects the 
presence of currents induced by magnetic fields 
to detect nearby metallic objects. 


Information comments: Comments used to 
describe the input/output instructions. 


Initiator: A node that sends messages to other 
nodes. 


Input (1): File used to hold data for the input 
instructions. 


Instruction cache: An area of memory in a 
microprocessor that temporarily holds incoming 
instructions. 


Instruction set: A specific set of instructions 
or commands for operations that the MPU can 
carry out. 


Integer (N7): File that holds the integer 
numbers. 


Integer numbers: Numbers that have weights 
with positive powers. 


Interface converter: A device that provides 
a communication link between two different 
communication interfaces. 


Interlocked timers: Timers used to turn an 
output on and off sequentially. 


Interrupt routine (ISR): An instruction similar 
to the SBR instruction and is used to interrupt 
the scan of the main PLC ladder logic diagram to 
perform another subroutine. 


Isolated link coupler: A device that provides 
protection from damage due to surges and 
spikes by electrically isolating electrical signals 


from the two devices that are coupled. It also 
couples a high-power device to a low-power 
device. 


J 


Jump (JMP) instruction: When current 
flows through the JMP instruction (i.e., JMP 
is energized) rungs between the JMP and its 
similarly addressed LBL will not be scanned. 


Jump to subroutine (JSR): An instruction used 
to call a subroutine from the main program file or 
file two (LAD 2). 


K 


Karnaugh map: A tool that can be used 

to simplify Boolean expressions. This is an 
older, difficult method for Boolean expression 
simplification. 


L 


Last-in-first-out (LIFO): A method of moving 
data to and from a stack in which the last item 
placed in the stack is the first item retrieved from 
the stack. 

Least significant bit (LSB): Bit in a binary 
number on the far right-hand side. 

Length: Parameter in the BSL and BSR 
instructions that indicate the number of bits to be 
shifted. 

Less than (LES): Instruction that lets current 
pass through when Source A is less than 
Source B. 

Less than or equal to (LEQ): Instruction that 
lets current pass through when Source A is less 
than or equal to Source B. 

Light-emitting diode (LED): A diode device 
that emits light when forward biased. When the 
LED is forward biased (current flows through it), 
some of the electric energy is converted to light 
energy. 

Limit switch: Switch that opens or closes when 
an object contacts the handle of the switch. 
Liquid level switch: Switch that opens or 
closes when the liquid level in the reservoir tank 
reaches a preset level. 

Locked-position pushbutton: Similar to a 
switch, it changes state permanently each time it 
is pressed. Also called a /atch pushbutton. 
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Logic high: State in digital electronics that is 
represented with 5 volts. Also called /ogic one. 


Logic low: State in digital electronics that is 
represented with zero volts. Also called logic 
zero. 


Magnetic overload relay: Relay in which the 
overcurrent is detected using the magnetization 
the line current generates. Magnetic overload 
relays have faster response time, but are more 
expensive than temperature overload relays. 


Main program file: File that contains the main 
PLC ladder logic diagram. In Allen-Bradley SLC 
500 series PLC systems, a main file is in file two 
(LAD 2). 

Mask: The action of hiding portions of a binary 
word before transferring it to a register. 


Masked ROM: ROM that is programmed by the 
manufacturer prior to shipment to the customer. 


Master control reset (MCR) instruction: When 
current stops flowing through the MCR instruction 
(i.e., MCR is de-energized), outputs on the rungs 
between the two MCR instructions will turn off. 


Master/slave network: A network in which one 
node controls all communications originating 
from other nodes. 


Message read/right (MSG) instruction: An 
instruction that allows blocks of data to be written 
to or read from a memory location of a specified 
PLC. 

Microprocessor unit (MPU): The main chip in 
the PLC system that transfers and receives data 
from I/O ports and carries out the math and logic 
operations. 


Minuend: The top number in a subtraction 
operation. 

Modular PLC: PLC with different racks (slots) 
reserved to hold the CPU module (must be in 
slot zero), input port modules (e.g., slot one), and 
output port modules (e.g., slot two). 


Momentary pushbutton: Pushbutton that 
changes status from open to closed or from 
closed to open. They remain at the changed 
positions as long as they are pressed. Also 
called a spring-loaded pushbutton. 

Most significant bit (MSB): Bit in a binary 
number on the far left-hand side. 
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Move (MOV) instruction: Instruction that is 
used for copying the content of one register into 
another or for loading a number into a register. 
The move instruction can be used to create a 
variable preset timer. 


Multiplicand: The top number in a multiplication 
operation. 


Multiplier: The bottom number in a multiplication 
operation. 


Multiply (MUL) instruction: Instruction that 
calculates the product of Source A and Source B. 


N 


NAND gate: Gate that does not generate a logic 
high output when all inputs are logic low. An 
inverted AND. 


Network access control: The method of 
accessing the network media (cable) to ensure 
that data is transmitted in an organized manner 
in order to reduce the possibilities of data 
corruption. 


Network protocol: A standard for the way 
nodes communicate on the network, such as 
the way data is packaged and sent out on the 
transmission media (cabling) and the method for 
accessing the transmission media. 


Network topology: The physical arrangement of 
devices on a network. 


Node: A device on a network. 


Non-retentive timers: Timers that reset when 
they are de-energized. 


NOR gate: Gate that generates a logic high 
output when all inputs are logic low. An 
inverted OR. 


Normally closed (NC): Normally closed switch 
or pushbutton. When opened, the switch or 
pushbutton will turn off. 

Normally open (NO): Normally open switch 

or pushbutton. When closed, the switch or 
pushbutton will turn on. 


Not equal to (NEQ): Instruction that lets current 
pass through when Source A is not equal to 
Source B. 

NOT gate: Gate that generates a logic high 
output when all inputs are logic low. 


Le) 
Octal latch: A memory buffer made of SRAM, or 
flip-flop circuitry. 


Octal number system: Number system that has 
a base of 8. 

Octal transceiver: A circuit in which eight bits 
are transferred to and from support devices. 


` OFF-delay timer: Timer that must be de- 


energized to start timing. 


Offline mode: Mode in which a PLC ladder logic 
diagram can be created. 


ON-delay timer: Timer that must be energized 
to start timing. 


Online mode: Mode in which the PLC program 
is downloaded into the PC. 


Online monitor mode: Mode in which operating 
PLC input/output instructions can be monitored 
on the PC screen. 


Optoisolator: A chip used to optically isolate the 
small voltage (+5 VDC) digital control section of 
a PLC system from the higher voltage (24 VDC, 
120 VAC, 240 VAC) input/output section of a 
PLC system. 


OR gate: Gate that generates a logic high output 
in all states except when all inputs are logic low. 


Output (O): File used to hold the data for the 
output instructions. 


Overflow bit (OV): Bit that turns on when 
the positive number in a count up instruction 
increments to +32,767 decimal. 


Overload relay: Relay that is placed in series 
with power lines of motors to detect excess 
motor current. 


P 


Parallel: Method of sequencer connections that 
increase the number of sequencer outputs. 


Peer-to-peer network: A network in which 
nodes are given an equal chance of initiating and 
controlling communications. 


Phototransistor: Device that allows current to 
flow from its collector to the emitter when a beam 
of light strikes its base. 


Piezoelectric ultrasonic sensor: A sensor 

that works using charge displacement strain on 
crystal lattices where a reflected sound wave hits 
a crystal and the crystal produces a small AC 
voltage signal. 


PLC ladder logic diagram (ladder diagram): 
The program loaded into the programmable logic 
controller. This program defines the operation to 
be performed by the PLC. 


PLC network: A network that allows PLCs, 
operator interfaces, and other PLC-related 
devices to communicate with one another. 


PLC project: Project that contains the PLC 
ladder diagrams and the PLC data files. 


PLC run light: Light that is on when the PLC is 
in the run mode. 


Pointer register: An index pointer that is a 
register that holds the address of a double-byte 
data (word) in a file. 


Power light: Light that is on when the PLC 
has proper AC voltage input to its power supply 
module and correct DC output voltage from its 
power supply module. 


Preset register: Register that holds the timer or 
counter preset number. 


Pressure switch: Switch used to detect low 
and high pressure in hydraulic and pneumatic 
systems. 

Program counter: Item that points to the next 
line of instruction that is to be executed by the 
PLC processor. 

Programmable logic controller (PLC): A 
microprocessor-based device that can be used 
to control industrial systems such as electric 
motors, conveyors, and robots. 

Programmable ROM (PROM): Memory 
programmed once by using the PROM 
programmer device (called PROM burner). 
Programming module (PM): A peripheral 
device used to transfer ladder diagrams to the 
PLC. 

Project tree area: Area in RSLogix 500 software 
that holds the PLC data files and other PLC 
project files. 

Proximity sensor: Sensor that can detect the 
existence of an object. 

Proximity switch: Switch that consists of a light- 
emitting diode (LED) and a phototransistor. It 
opens or closes a circuit when the presence of 
an object is detected. The object breaks the path 
of the beam of light between the LED and the 
phototransistor. 


Q 

Quine-McCluskey routine: Tool used as an 
advanced Boolean expression simplification 
routine. 
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Quotient: In a division operation, it is the 
number of times the divisor can be subtracted 
from the dividend. 


R 


Radio Detection and Ranging (RADAR) 
sensor: Sensor used to detect metallic objects 
where there are several cycles of high-frequency 
waves transmitted into the environment and the 
reflection is picked up via a receiver. 

Rails: Two vertical lines labeled L1 and L2 that 
connect the rungs of a PLC diagram. 

Random access memory (RAM): Memory that 
can be written to and read from. 

Read only memory (ROM): Memory that can 
only be read. 

Real numbers: Numbers that have both integer 
and fractional parts. 

Registers: An area in the microprocessor that 
holds data for the arithmetic logic unit. 

Relay: A device that uses a coil to generate 

a magnetic effect to close or open the relay’s 
contacts. 

Relay coil: Device that, when energized, opens 
associated normally closed contacts and closes 
normally open contacts. 

Relay logic devices: Older control panels that 
have external inputs, outputs, counters, timers, 
and other circuits wired on it. 

Relay logic diagram: Diagram that shows the 
logical relationships between devices. 
Repeater: A device that restores a signal to 

its original strength, or amplification level, 

and then forwards the signal through the 
network. 

Reset (RES) instruction: Instruction that must 
be used to reset the retentive timer. 
Responder: A node that receives messages 
from other nodes. 

Retentive timers: Timers that hold their 
accumulated value when they are disabled. 
Return (RET) instruction: An instruction used 
to return the program counter to the main file 
from a subroutine file. 

Ring topology: A network topology that forms a 
data path in a ring. 
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RISC-based microprocessor: A 
microprocessor that uses only one instruction for 
a complex command. 


Run mode: Mode in which the PLC runs 
(executes) its ladder logic diagram program. 


Rung: Horizontal line in a relay logic diagram 
that has input devices and an output device. 


Rung comments: Comments that describe the 
operation of the rung or rung that follow. 


S 


Selectable timed interrupt (STI): An instruction 
used to periodically interrupt the scan of the 
main program file to scan a specified subroutine 
file. 


Sequencer compare (SQC) instruction: 
Instruction that reads the input source module 
and compares it to the words in the sequencer 
file. 


Sequencer instructions: Instructions that are 
used to control several outputs with multiple step 
patterns. 


Sequencer length parameter: Area that holds 
the total number of steps that must be completed 
before the sequencer done status bit coil is 
energized. 


Sequencer load (SQL) instruction: Instruction 
that transfers data from the input source module 
to the sequencer file. 


Sequencer output (SQO) instruction: 
Instruction that transfers data from the 
sequencer source file to the output destination 
module. 


Sequencer position parameter: Field that 
indicates the step that is desired to start the 
sequencer instruction. 


Sequential logic devices: Logic devices in 
which the output of the device is dependent 

on the present and past inputs to the device. 
Sequential logic devices require clock pulses to 
operate. 


Serial communication: Communication where 
data is transmitted one bit at a time through one 
transmission medium. 


Service communications (SVC) instruction: 
An instruction that when activated, interrupts 
normal program operation to jump to and 
execute a communications routine, such as 


reading data from or writing data to another PLC 
on the network. 

Simplex: A channeling system that uses a single 
line and communication is unidirectional. 


` Single-input counter: Counter that has one 


input to enable and count the signals. 


Single-input timer: Timer that has only one 
input for enable and run commands. 


Sinking: Connecting a device to a PLC I/O 
module so that current flows into the PLC port. 


Software: A program that is carried out 
(executed) on the PLC system. 


Solenoid: An electromechanical valve used to 
control liquid flow. 


Sourcing: Connecting a device to a PLC I/O 
module so that current flows out of the PLC port. 


Stack: The area created in the random access 
memory (RAM) whenever a subroutine file is 
called from the main program file. 


Star topology: A network topology that uses a 
center hub to which nodes attach. 


Static RAM (SRAM): Memory that uses flip- 
flops to hold data. Data on SRAM remains the 
same as long as it is not overwritten by newer 
data and the power to the memory device is on. 


Status (S2): File that holds the status bit flags of 
an operating PLC ladder logic diagram. 


Status register: Register that holds the status 
bits. Also called flag register. 


Subnet mask: A four octet number that enables 
the network software to identify the network 
address portion of an IP address. 


Subroutine program files: Files called from the 
main PLC program file. Subroutine program files 
can be viewed in the Program Files area. 


Subroutines: Programs that contain additional 
ladder logic diagram files. Routine other than the 
main file. 


Subtract (SUB) instruction: Instruction that 
calculates the difference between Source A and 
Source B. 


Subtrahend: The bottom number in a 
subtraction operation. 


Successive division method: Method of 


converting decimal numbers to binary by dividing 
the decimal number by two repeatedly. 


System memory: Memory that stores 
information required for user program execution. 


T 


Table-to-register instruction: Instruction that 
transfers data from a file to a PLC register or 
output port. 


Temperature overload relay: Relay in which 
an overcurrent is detected through the excessive 
temperature rise generated by the line current. 
Also called a thermal overload relay. 


Temperature switch: Switch that opens or 
closes for a preset temperature. 


Temporary run mode: Mode in which an electric 
motor starts when a jog pushbutton is pressed, 
but only runs while the pushbutton is pressed. 
When the pushbutton is released, it stops. 


Terminating resistor: An electronic component 
or device that absorbs the signal when it reaches 
the cable end. This keeps the signal from 
bouncing back across the bus and colliding with 
new signals. 

Timer base number: Number that must be 
multiplied by the timer preset number to generate 
the preset timer value. 

Timer timing bit (TT): Bit that is energized 
when the timer is timing. 

Timers (T4): File that holds the contents of the 
timer instructions. 


Token: A small packet of data that is passed 
from node to node in a token-passing network. 


Token-passing: A network access control 
method in which a node can transmit data on the 
network only when it has possession of a token. 
Transmission media: The cable through which 
data and control signals flow on a network. 

Tree topology: A network topology that consists 
of two or more star topologies connected 
together. 

Triac: A semiconductor device that allows 
current to pass through it when it has a small 
“trigger” current signal applied to its gate. 

True state: State in digital electronics that is 
represented with a number 1. 

Truth table: Table used to map Boolean 
expressions. Truth tables contain Boolean 
expression inputs and outputs. 
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Twisted pair cable: A type of cable consisting 
of pairs of twisted conductors, all of which are 
surrounded by an insulating jacket. 


U 


Ultrasonic sensor: Sensor that produces sound 
above the normal human hearing threshold of 

16 kHz and uses this sound to detect the 
distance to an object. 


Underflow bit (UN): Bit that turns on when the 
negative number in a count down instruction 
decrements to —32,768 decimal. 


User memory: Memory that holds the PLC 
ladder logic diagram. 


V 


Variable input ports: Ports on a PLC input 
module that can receive analog signals, such 

as variable voltage (e.g., O V to 10 V) or variable 
current (e.g., O A to 1 A), and convert it to a 
discrete or binary signal. 

Variable output ports: Ports on a PLC output 
module that convert a binary data to an analog 
signal such as variable voltage (e.g., 0 V to 10 V) 
or variable current (e.g., O A to 1 A). 

Variable timer: Timer that allows its preset value 
to be changed. 


X 

XIC (examine if closed): A PLC instruction for a 
normally open input device. 

XIO (examine if open): A PLC instruction for a 
normally closed input device. 

XNOR gate: Gate that generates a logic high 
output when either both inputs are logic high or 
both inputs are logic low. 

XOR gate: Gate that generates a logic high 
output when one input is logic high and the other 
input is logic low or vice versa. 


Z 

Zener diode: A unidirectional semiconductor 
device that usually operates in its reverse-biased 
region as a voltage regulator. 
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accumulated register, 179, 180 

add (ADD) instruction, 210-211 

address bus, 16 

address decoder, 20 

Allen-Bradley Fixed SLC 500 PLC, 14 

input/output connections, 118-119 

Allen-Bradley programmable controllers, 
23-24 

Allen-Bradley programmable logic 
controllers, 24—26 

Allen-Bradley SLC 500 series PLCs, 25 

components, 31-39 

alphanumeric code, 62-63 

American Standard Code for Information 
Interchange (ASCII), 42, 62 

analog input/output modules, 22 

analog-to-digital converter (ADC), 22 

AND gate, 142 

AND instruction, 224 

arithmetic logic unit (ALU), 15 


B 
backup file, 134 
base, 50 
basic input/output system (BIOS), 20 
battery low light, 304 
baud (Bd) rate, 42 
binary coded decimal (BCD) system, 60-61 
binary number system, 50, 52 

addition, 54—55 

division, 57—58 

multiplication, 57 

subtraction, 55-56 
binary-to-decimal conversion, 52-53 
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bit address, 228 
bit (B3 & B10) file, 117 
bit shift left (BSL) instruction, 227—231 
bit shift right (BSR) instruction, 231-234 
block format, 178 
Boolean algebra, 139 
Boolean expressions, 138-140 
creating ladder logic diagrams from, 
161-165 
simplifying, 150-157 
borrow bit, 55 
bus, 16 
bus topology, 318-320 
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cameras, 78 
Capacitive sensors, 75-76 
Carrier Sense Multiple Access with Collision 
Detection (CSMA/CD), 321, 326 
carry bit, 54 
cascading 
counters, 202 
sequencers, 294-295 
timers, 188-189 
Cat 5 cable, 316 
central processing unit (CPU), 14-17 
channel 0, 40-41, 342 
channel 1, 40—41 
Channel Configuration dialog box, 333-334 
Channel Configuration report, 130 
channel one, 130 
channel zero, 130 
chassis, 32-33 
ClSC-based microprocessor, 17 
coaxial cable, 313-314 


coil format, 178 

combinational logic gates, 138 

communication channels, 40—41 

communication systems, 40—43 

compare instructions, 238-243 
connecting in series, 241-242 

compute (CPT) instruction, 219-220 

conditional jump, 244—245 

contactors, 79 

contacts, 88—90 

control (R6) file, 117 

control network, 318 

control register (R6), 229, 284 

Controller Properties dialog box, 331-332 

control unit, 15—16 

copy file (COP) instruction, 272-273 

count bit, 195 

count down, 194 

count down instructions, 198—200 

counter (C5) file, 116—117 

counter instructions, 194 
cascading counters, 202 
connecting, 200—202 
count down instructions, 198—200 
count up instructions, 196—198 
counter instruction registers, 194-195 

counters, creating ladder logic diagrams 

with, 203—205 

count up, 194 

count up instructions, 196-198 

CPU. See central processing unit (CPU) 

CPU block diagram, 14-15 

CPU fault light, 303, 307 

crossover cable, 317 

Cross Reference report, 130 

crosstalk, 314 

CSMA/CD, 321, 326 

Custom Data Monitor report, 130 


D 

data bus, 16—17 

data cache, 16 

data communication equipment (DCE), 43 
data conversion instructions, 273-275 
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data file four (T4), 180 
Data File S2—Status dialog box, 307 
data handling instructions, 265-276 
Data Table Access Module (DTAM), 322—323 
data terminal equipment (DTE), 43 
decimal number system, 50-51 
decode unit, 16 
DEG instruction, 274 
DH+ network, 325-326 
DH-485 network, 322-325 

software configurations, 330-334 
digital to analog converter (DAC), 22 
discrete input devices, 68 
discrete input modules, 21 
discrete input ports, 14 
discrete output ports, 14 
divide (DIV) instruction, 217-218 
dividend, 57 
divisor, 57 
done bit (DN), 180 
double-input counter, 194 
double-input timers, 178 
dynamic RAM (DRAM), 18 


E 


electrically erasable programmable ROM 
(EEPROM), 20 

electronic circuit simulation, 156-157 

electrostatic ultrasonic sensors, 78 

embedded controllers, 30 

enable bit (EN), 180 

equal to (EQU) compare instruction, 
238-239 

erasable programmable ROM (EPROM), 20 

Ethernet, 326-330 

Extended Binary Coded Decimal 
Interchange Code (EBCDIC), 62-63 


F 


false state, 139 

fiber-optic cable, 318 

FIFO load (FFL) instruction, 270 
FIFO unload (FFU) instruction, 270 
file-to-word instruction, 280 
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fill file (FLL) instruction, 272-273 

firmware, 19 

first-in-first-out (FIFO), 268-271 

fixed PLC, 14 

fixed preset value non-retentive timer 
ON-delay instructions, 181-183 

fixed timers, 176 

flag register, 180 

flip-flop, 18 

float switches, 72 

flow switches, 72 

foot switches, 72 

force instruction, 123—127 

forced conditions, 304, 306 

forced I/O light, 303 

found bit (FD), 290 

fractional numbers, 51 

FRD instruction, 274—275 

full duplex, 43 

full-wave rectifier, 21 


G 


gate symbols, 140 

gateway address, 329 

Gray code system, 61-62 

greater than (GRT) compare instruction, 240 

greater than or equal to (GEQ) compare 
instruction, 241 


H 


half duplex, 43 

Hall effect sensors, 77 

hardware, troubleshooting, 304, 306 
hexadecimal number system, 58-59 
history and development of PLCs, 12-13 
hybrid topology, 320 


I/O Configuration report, 129 
I/O modules, 35-39 
addressing, 35—36 
sourcing and sinking, 37, 39 
wiring, 36 


immediate input with mask (IIM), 115 
immediate output with mask (IOM), 115 
impedance, 313 


_ index register, 267 


indicator lights, 302—304 
indicators, 78 

inductive sensors, 75 

industrial PC, 30 

initiator, 324 

Input Forces dialog box, 306 
input (I) file, 116 

input/output connections, 118-119 
input scan, 114 

instruction cache, 16 

instruction set, 17 

integer (N7) file, 117 

integer numbers, 51 

interface converter, 322—323 
interlocking timers, 187—188 
interrupt routine (ISR), 259-260 
inverter, 141 

IP address, 328-329 

isolated link coupler, 322 


J 


jump (JMP) instruction, 243-246 
jump to subroutine (JSR), 253-254 


K 
Karnaugh maps (K-maps), 150-155 


L 


label instruction (LBL), 243 
ladder logic diagrams, 88 
creating 
from Boolean expressions, 161—165 
from logic gate circuits, 158-161 
from relay logic diagrams, 104, 106 
logic gate circuits from, 165-169 
with counters and timers, 203-205 
loading and troubleshooting in run 
mode, 121-123 


programming 
with latch and unlatch instructions, 118 
with normally open and normally 
closed switches, 108 
with normally open and normally 
closed contacts, 110-112 
last-in-first-out (LIFO), 268-271 
latch and unlatch instructions, 118 
least significant bit (LSB), 52 
length, 228 
less than (LES) compare instruction, 240 
less than or equal to (LEQ) compare 
instruction, 240—241 
LIFO load (LFL) instruction, 270-271 
LIFO unload (LFU) instruction, 271 
light-emitting diode (LED), 72 
limit switches, 72 
liquid level switches, 71 
locked-position pushbuttons, 70 
Logic Converter dialog box, 156—157 
logic gate circuits, 138—140 
creating from ladder logic diagrams, 
165-169 
logic gate functions, programming, 137-169 
logic gate instructions, 224—227 
logic gates, 138 
logic high, 139 
logic low, 139 
logic one, 139 
logic zero, 139 


magnetic overload relay, 84 
main program file, 115 
maintenance, 302-304 
mask, 268 
masked move (MVM) instruction, 268 
masked ROM, 19 
master control reset (MCR) instruction, 
246-247 
master/slave network, 325 
math instructions, 209-221 
addition, 210-211 
advanced, 218-220 
division, 217-218 
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multiplication, 214, 216-217 
subtraction, 212-213 
memory 
devices, 17—20 
expansion and usage, 39-40 
message read/write (MSG) instruction, 
335-342 
MicroLogix controllers, 24 
microprocessor unit (MPU), 14-17 
minuend, 55 
modular PLC, 14 
momentary pushbuttons, 70 
most significant bit (MSB), 52 
motor control devices, 82—85 
motor drives, 84—85 
motor starters, 83-84 
move (MOV) instruction, 183-184, 266-267 
MPU, 14-15 
MSG dialog box, 337-341 
multi-master network, 43 
multiplicand, 57 
multiplier, 57 
multiply (MUL) instruction, 214, 216-217 
Multipoint List report, 130 


N 


NAND gate, 145-146 

NAND instruction, 224 

network protocol, 312 

networks, 311-343. See also PLC networks 
network access control, 321 
topologies, 318-320 
transmission media, 312-318 

node, 312 
configuration, 331—332 

non-retentive timers, 181 

NOR gate, 146-148 

NOR instruction, 224 

normally closed (NC), 68 

normally open (NO), 68 

NOT (invert) instruction, 224 

not equal to (NEQ) compare instruction, 

239-240 
NOT gate, 141 
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O 


object recognition software, 78 

octal latch, 22 

octal number system, 59—60 

octal transceiver, 21 

OFF-delay timer, 177—178 

offline mode, 121 

ON-delay timer, 177 

online mode, 121 

online monitor mode, 121, 123 

Open/import SLC 500 Program dialog box, 
132-133 

optical sensors, 76-77 

optoisolator, 21 

OR gate, 142 

OR instruction, 224 

Output Forces dialog box, 306 

output (O) file, 116 

output scan, 114 

overflow bit (OV), 195 

overload relays, 84 


P 


parallel, 296 
parallel sequencers, 295-297 
parity, 42-43 
peer-to-peer network, 325 
peripheral chips, 20 
phototransistor, 72 
Pico controllers, 24 
piezoelectric ultrasonic sensors, 78 
PLC block diagram, 13-14 
PLC networks, 312, 321-330 
DH+, 325-326 
DH-485, 322-325 
PLC programs, using utility instructions to 
save and retrieve, 132-134 
PLC project, 115 
PLC run light, 303 
PLC-5 controllers, 25-26 
power light, 302-303 
power supply, 23, 33 
preset register, 179, 180 
pressure switches, 71 


processors, 33-35 
program counter, 252 
program reports, 128-131 
program scan, 112, 114 


` program scan time, 112, 114-115 


programmable automation controller (PAC), 
23-24 
programmable logic controller (PLC) 
definition, 12 
history and development, 12-13 
programmable ROM (PROM), 19 
programming, 103-135 
programming module (PM), 30, 43—44 
project tree area, 115 
proximity sensors, 74—77 
proximity switches, 72 
pushbuttons, 68—70 


Q 


Quine-McCluskey routine, 155 
quotient, 57 


RAD instruction, 274 
Radio Detection and Ranging (RADAR) 
sensors, 78 
radix, 50, 52 
rails, 88 
random access memory (RAM), 17-18 
read only memory (ROM), 17, 19 
real numbers, 51 
registers, 15 
relative timers, 181 
relay coils, 88—90 
relay logic diagrams, 87-90 
for industrial control circuits, 97-100 
rules for drawing, 90—97 
relays, 79-81 
repeater, 313 
Report Options dialog box, 128-131 
Data Base section, 130-131 
Data Files section, 131 
General section, 129—130 
Program Files section, 131 


reset (RES) instruction, 185, 187, 197, 229 

responder, 325 

retentive timer ON-delay instructions, 
185-187 

return (RET) instruction, 252-253 

ring topology, 320 

RISC-based microprocessor, 17 

routine maintenance, 302—304 

run mode, 121-123 

rung, 88, 104 

rung comments, 106 


S 
safety programmable controller, 23-24 
saving PLC programs, 132-134 
selectable timed interrupt (STI), 260 
selection of PLCs, 30-31 
Select Processor Type dialog box, 108—109 
sensors, 72-78 
sequencer compare (SQC) instruction, 
290-292 
sequencer concept, 280, 282-283 
sequencer instructions, 279-298 
block diagram, 282 
sequencer length parameter, 285 
sequencer load (SQL) instruction, 293—294 
sequencer output (SQO) instruction, 
283-290 
sequencer position parameter, 285 
sequencers 
cascading, 294—295 
parallel, 295-297 
sequential logic devices, 138 
serial communication, 42 
service communications (SVC) instruction, 
334-335, 342 
shift left instruction, 227—231 
shift right instruction, 231-234 
simplex, 43 
single-input counter, 194 
single-input timers, 178 
single master/multiple slave network, 43 
sinking, 37, 39 
software, 19 
error detection, 307 
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solenoids, 82 
solid-state relays (SSRs), 80-81 
sourcing, 37, 39 
stack, 252-253, 268, 270 
star topology, 320 
static RAM (SRAM), 18 
status register, 179-180 
Status (S2) file, 116 
subnet mask, 329 
subroutine, 251—252 
applications, 256-259 
concept, 252-253 
interrupt routines, 259-260 
jump to subroutine (JSR), 253-254 
program files, 115-116 
return from, 255-256 
subtract (SUB) instruction, 212-213 
subtrahend, 55 
successive division method, 53 
successive multiplication method, 53-54 
switches, 68-72 
system memory, 39 
System Options dialog box, 132-134 


T 


table-to-register instruction, 280 
TCP/IP protocol, 327-329 
temperature overload relay, 84 
temperature switches, 71 
terminating resistor, 319-320 
timer instructions, 176-178 
cascading timers, 188-189 
timer base number, 180 
timer instruction registers, 179-181 
timer OFF-delay instructions, 187 
timer timing bit (TT), 180 
types of timers, 176 
timers, creating ladder logic diagrams with, 
203-205 
timer (T4) file, 116 
TOD instruction, 273-275 
token, 321 
token-passing, 321 
topologies, 318-320 
transmission media, 312-318 
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tree topology, 320 
triac, 22 
troubleshooting, 301-310 
hardware, 304, 306 
ladder logic diagrams in run mode, 
121-123 
routine maintenance, 302—304 
software error detection, 307 
using force instruction, 123—127, 304, 306 
true state, 139 
truth tables, 140 
twisted pair cable, 314-317 


U 


ultrasonic sensors, 77-78 

unconditional jump, 243-244 

underflow bit (UN), 195 

user memory, 39 

utility instructions, using to save and 
retrieve PLC programs, 132-134 


V 


‘variable input ports, 14 


variable preset value non-retentive timer ON- 
delay instructions, 183-184 
variable timers, 176 


X 


XIC (examine if closed) file, 116 
XIO (examine if open) file, 116 
XNOR gate, 149-150 

XNOR instruction, 224 

XOR gate, 148 

XOR instruction, 224 


Z 
zener diode, 21 
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